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Executive Summary

CALIFORNIA WATER 2020:
A SUSTAINABLE VISION

Executive Summary
California’s water furore depends on choices that are being made now or must be

made within the next few years. It is incre.asingly obvious that the water policies that
helped the state to become the agricultural and economic giant it is today are not up
to the challenges of the 21 st century. Yet those responsible for managing and protect-

ing the state’s freshwater resources continue to plan on the basis of outdated and inap-
propriate assumptions.

This report - the result of a year-long investigation into California’s water future -

presents a unique vision of a truly sustainable water future and discusses ways to real-

ize such a ,Asion.

The Problem
California’s current water use is unsustainable.

In many areas, ground water is being used at a rate that exceeds the rate of naturM

replenishment. This is causing land to subside and threatening some aquifers with

possible collapse. The use of ground water is almost entirely unmonitored and uncon-
trolled, hindering rational management. Urban water use is inefficient and poorly

managed. Agricultural policies encourage the production of water-intensive, low-valued

crops. Environmental water needs are poorly understood and rarely met. Fish and
wildlife species are being driven toward extinction and habitats are being destroyed by
withdrawM of water, as well as by development.

According to official projections, these and related problems will

continue indefinitely.

The California Department of Water Resources, which produces the "California
Water Plan,~ operates on the assumption that in the year 2020:

California will grow the same kinds of crops, on about the same amount of land,

as it does now;

~ Rapidly growing urban populations will continue to waste large amounts of water

on inefficient toilets and sinks, and on watering household and municipal lawns;

Many aquifers will continue to be pumped more rapidly than they are replenished;

¯ Millions of acre-feet of treated wastewater will continue to be dumped into the
oceans rather than being recycled and reused;

~ Water needed to maintain California ecosystems and aquatic species will come
and go with the rains and with human demands; and

¯ Droughts and floods will have ever greater effects on society and the natural

environment.

In short, official projections are that water demand will exceed available supplies
by several million acre feet - a gap projected in every official "California Water Plan"

produced since 1957.

ES-I
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We believe that state water planners have been planning for a future
that is increasingly unlikely and undesirable.

Traditional water planning assumes that the basic conditions affecting supply and
demand will remain the same as they are today. They do not allow for the fact that
social structures, values, and desires will change - as they are already changing.
Even ignoring the difficulty of projecting future populations and levels of economic
activities, this conventional approach to water resources planning has many limita-
tions. Perhaps the strongest evidence of the inadequacy of this approach is the fact
that it routinely produces scenarios with unsustainable conclusions, such as water
demand exceeding supply and water withdrawals unconstrained by environmental
or ecological limits. The costs to the state of such a future will include:
¯ lost industrial competitiveness and revenue;
¯ destroyed natural resources;
¯ continuing uncertainty about long-term water supplies; and
¯ further fll will among urban, agricultural, and environmentzd interests.

These costs can be avoided. Trend is not destiny, and officia! projections are not
inevitable outcomes. It is time to develop new tools and approaches to California’s

water problems.

California Water 2020: A Sustainable Vision
A prosperous, healthy California is possible by 2020, with enough water for urban

dwellers, a vibrant farm sector, and a robust environment. Without severely impacting

any particular sector, groundwater overdraft can be eliminated, urban and agricultural
water use can be made more efficient and productive, and California’s natural ecosys-

tems can be protected and restored. Figure ES-1 compares the state’s future water

supply and demand as estimated in this report and as projected by the official

California Water Plan. In 2020, urban water demand per person could be far lower
than it is today, helping to meet the demands of nearly 50 million residents, if current

population projections are accurate. Agricultural production can shift away from

today’s emphasis on low-valued, water-intensive crops, increasing farm revenue while
decreasing farm water needs. Groundwater overdraft can be completely eliminated.

And the environment can benefit from more comprehensive and flexfble water

management.
This sustainable vision for the year 2020 would produce a more stable business

environment, reduce uncertainty over water supplies, and increase the state’s econom-

ic vitality and competitiveness. At the same time, the process of planning and manag-

ing the state’s water resources can be made more democratic and open, bringing in
whole segments of the population that have not previously been included.

ES-2
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Figur:_ ES-1
Comparison of W.~ter Supply and Demand:

5.W~ I,a90, DWR 2020, ~nd 2020 V~sion

2.3 maf
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40 ]- 1.1 maf surplus

I
shortfall ~:~::"~

35-

25-

20 ~
[] Supply

15
~ Other Net Demand

[] Net Urban Demand

~ Net Agricultural
Demand5-

DWR 1990 DWR 2020 2020 Vision

Source: See Table 23.

What is Sustainable Water Use?
There has been plenty of rhetoric recently around the terms "sustainability" and

"sustainable development." What is sustainability in the context of freshwater

resources and why do we use the term here?

We define sustainable water use as:

"the use of water that supports the ability of human society to endure and
flourish into the indefinite future without undermining the integrity of the

hydrological cycle or the ecological systems that depend on it."

California’s water resources should be managed so that today’s human and environ-
mental needs are met and so that the resource base is maintained for the future.

Current water management practices are unsustainable because they produce ground-
water overdraft, water-supply contamination by chemicals, loss of aquatic species

and unique habitats, and other problems that directly diminish the state’s natural

resources. To continue these practices is to squander an inherited fortune, leaving nothing

for our children.
Is sustainability a scientific concept? Not exactly. It is a social goal, much like

equity, liberty, or justice. It implies an ethic. Public value judgments must be made
about which needs and wants should be satisfied today - and what changes must be

made to ensure a legacy for the future.

ES-3
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In this study we present a set of sustainability criteria for water. They were devel-
oped over the past year in discussions among people with a wide range of interests,
and they embody these value judgments: that humans and natural environments

,~.
should have access to the minimum amount of water necessary for survival, that the
renewable characteristics of water resources should not be impaired, and that the
process of water planning and management should be democratic, fair, and open.

An ethic of sustainability will require a fundamental change in how we think about
water. Rather than trying to find the water to meet some projection of future desires,
we must plan to meet present and future human and ecological needs with water that
is available. This is an essential change in thinking, and it will require consideration
at the highest levels. Such a shift does not mean we must diminish our quality of life.
On the contrary, by securing a sustainable future, a prosperous, healthy California is
possible by 2020.

How Do We Get There?
To realize this positive vision no significant new supply infrastructures need be built,

nor are any drastic advances in technology necessary. No "heroic" or extraordinary actions
are required of any individual or sector The changes necessary to achieve a sustainable
water future for California can be brought about by encouraging and guiding positive
trends that are already under way. They can be accomplished by applying technologi-
cal innovations gradually and incrementally at this time of continuing evolution in
personal values and culture. These are already common characteristics of California
society.

California’s water policies can and must be substantially reshaped over the next
quarter-century. In many cases the job has already begun and we need ordy nurture
existing trends. Providing safe, dean water in the arid West has always required
financial, institutional, and human investments, and some agencies, individuals,
and organizations are likely to resist the short-term costs of any new approaches. It is
imperative, therefore, that the long-terrn costs of not taking these actions - measured
by the costs of new infrastructure construction, adverse impacts on human and
environmental health, and the political costs of endless social conflict over water --
also be brought into the equation.

A sustainable future can be achieved. Whether it wi!! be achieved depends on the
public and their elected officials.

ES-4
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Major Conclusions
California’s current water use is unsustainable. Current water planning
fails to address the water problems of the 21st century.

Continuing down the current path will lead to worsening social,
economic, and environmental conflicts over water.

¯ Current policies reduce future flexibility and increase the risk of economic
instability due to disruptions in water supply;

¯ Current policies produce uncertainty and a risk of future unreliability during
periods of drought and shortage;

* Traditional planning leads to a large gap between water supply and expected
demand, encouraging construction of new supply infrastructure.

California can achieve a more sustainable pattern of water use by 2020
without severe negative impacts on any particular sector.

The urban sector can become far more efficient and save millions of
acre-feet of water.

¯ Average residential water use in 2020 could be 46 percent lower than the current
137 gallons per person per day, using only existing technology;

¯ Use of reclaimed water can increase from 0.4 million acre feet in the mid-1990s
to 2 million ache-feet in 2020 and satisfy many urban demands;

¯ Industrial water-use efficiency could increase 20 percent over today’s efficiency.

Modest re-orgardzation of California’s agricultural sector can save
millions of acre-feet of water.

¯ The agricultural sector can be more efficient, with lower total water demand
and higher agricultural revenues.

. Groundwater overdraft can be eliminated with modest changes in cropping
patterns.

¯ By 2020, with modest shifts in cropping patterns, agricultural net water demand
could decline by 3.5 million acre-feet while farm income rises by $1.5 billion
(1988 dollars).

Innovative water management is necessary to protect California’s
natural, resources.

¯ By 2020, more than 2 million acre-feet of water can be reallocated from urban
and agricultural uses to a wide range of environmental needs.

¯ High mountain streams can be restored to drinkable conditions.

¯ Innovative agricultural policies can actually support both food production and
wildlife habitat.

ES-5
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A major effort is needed to improve our understanding of water supply
and use. Major gaps in water data make it difficult to develop and
implement rational water plans.

¯ No one knows for sure how much ground water is used, by whom, and for what.
This particular lack of data hampers efforts to control overdraft and impedes the
development of rational statewide water planning.

¯ R~sidenfial, commercial, industrial, and municipal data on water use are spotty,
at best. A comprehensive statewide water-use survey is needed.

¯ On-farm water use is rarely measured directly. Statewide data are needed on how
much water is actually applied, evaporated from crops, returned to groundwater,
and so on, as a function of crop, irrigation method, climate, and soft type.

¯ The water requirements for restoring and maintaining different ecosystems are
poorly understood. This complicates attempts at rational joint management of
water for farms, cities, and environmental needs. More information is needed on
flow, timing, and water quality requirements.

Major Recommendations
The final section of the report offers a wide range of recommendations for improv-

ing California’s long-term water policy and planning. Among the most important are to:

Expand efforts to promote the use of water-efficient technologies and
practices.

¯ Current federal and state water efficiency programs should be implemented and
expanded.

¯ Comprehensive agricultural, residential, industrial, commercial, and institutional
efficiency programs are needed. These programs can include regulatory, eco-
nomic, and educational components.

¯ Water rates for all sectors should be designed to encourage efficient water use.

EHmlnate pricing policies that subsidize inefficient use of water at tax-
payer expense.

¯ Gradually reduce, then eliminate, most federal and state water subsidies.

¯ Gradually reduce, then eliminate Federal crop subsidies for growing low-value,
water-intensive crops.

¯ Adjust urban and agricultural water rates to reflect the cost of service, including
non-market costs.

End the non-renewable use of groundwater in California.

¯ The state should establish a comprehensive groundwater monitoring program
and database with open access.

¯ Implement institutional mechanisms for managing groundwater use at the local
level in accordance with standards set by the state.

ES-6
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Reorganize California water-planning institutions to prepare for the
21st century.

¯ Make California water planning more equitable and democratic by bringing in
groups that have been excIuded from the process.

¯ Separate statewide water planning and data activities from current water project
operations.

¯ Create an independent planning organization by streamlining existing water
planning groups.

Environmental water needs should be better understood and met.

¯ Identify and preserve critical wetlands, together with the water supply needed to
maintain them. Restore degraded wetlands.

¯ Set water flow and quality standards on a flexible seasonal basis, to be regularly
reviewed.

¯ Monitor biological resources in a comprehensive, ongoing process.
¯ Honor state and federal agreements to protect the Bay-Delta region and

California’s Wild and Scenic PAvers.
¯ Allocate water to protect and restore native anadromous fish runs.

¯ Pursue the integrated management of agriculture and se&sonal wetlands.

Support water transfers that improve water efficiency, enhance
California’s natural environment, and promote the overall well being of
rural communities.

¯ Develop fair standards for water transfers that do not harm the environment or
rural communities.

¯ Establish a fund, supported by fees on water transfers, to mitigate adverse
impacts of transfers on rural economies, communities, and the environment.

Encourage the far greater use of reclaimed water in California through
economic and regulatory incentives.

Create a statewide system of water data monitoring and exchange.
¯ Water data must be much more widely collected and distributed.
¯ Create an organization that collects, maintains, and freely distributes state water

resources data.

Lifeline water allocations and rates should be implemented for the
residential sector.

Integrate land-use planning and water-use planning.

¯ All new urban developments must demonstrate a secure, permanent supply of
water before permits are approved.

¯ Protection of prime agricultural land and the water required to support these
lands should be studied.

ES-7
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Figure ~,
Major State and Federal Water Projects
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!o California Water 2020

~A "~hat could California’s water situa-are at work in society changing our lifestyles,

Altion look like in the year 2020 -technologies, and institutions. These forces
V V twenty-five years from now? The will continue. To reach this positive vision, we
T ~ answer is, almost anything: fromdo not assume here any significant new supply

chaos and conflict to order and cooperation, infrastructures will be butt, nor do we assume
We present here a positive vision of California’sthat drastic advances in technology are neces-
water future. Our crystal ball is, of course, no sary. For example, some technological opti-
~clearer than anyone else’s. Our intention is notmists believe that very inexpensive desalina-
to predict the future, but to lay out a desirable tion technology may become widely available,
possibility - a vision of California in which obviating any need to Can a sustainable water future
true water planning occurs with Widespread     think about water effi- be achieved? Yes~ given appropriate
.democratic participation, leading to rational ciency or agricultural attention and will, California’s water
~rater management, a healthy environment, policy or industrial policies can be substantially modified
and cooperation among all affected parties, structure. We think it over the next quarter century.
The vision of 2020 presented here offers a goalbest, however, not to
.to shoot for - an attractive future where waterassume that this will be the case. Similarly, the
is used efficiently, allocated flexibly, and main-changes necessary for achieving sustainable
rained sustainably for present and coming water use in California do not require "heroic"
generations and the environment. The point or e~traordinary actions on the part of any
of generating such a vision is to move away individual or sector. Instead, these changes are
.from traditional scenarios of a gloomy, conflict-likely to come about by incremental technolog-
.ridden, resource-short future, toward positiveical innovations, changes in governmental and
outcomes in which sustainable and equitableindustrial policies, an evolution in personal
water use, as we define it in this report, can values, and changes in culture - all of which
be met. Without developing such a vision andare already common characteristics of
e~ploring its poss~ilities, California will California society.
remain stuck in the quagmire that exists today. Can a sustainable water future be achieved?

A crucial part of this vision is that it be Yes, given appropriate attention and will,
sustainable. Over the past 12 months, throughCalifornia’s water policies can be substantially
discussions with a wide range of people con- modified over the next quarter century, just
cerned with water, we have developed a set as they have over the past twenty-five years.
of sustainabflity criteria that are integral to Will a sustainable future be achieved? That is a
the vision for 2020. These criteria relate to question that only the public and their elected
the geophysical characteristics of our water, officials can answer. The dialogue on how to
the environmental dimensions of the resource,do so must begin now.
and the social institutions set up to ensure This report explores how the state might
i reliable supplies, begin to plan for a sustainable water future,

Defining a vision is important not only for presents our vision of what that future might
setting goals, but also for thinking about howlook like, and discusses how such a vision
to attain these goals. A vision makes explicit might be achieved. This section -- California
the underlying values of water and opens theWater 2020 -- describes what California’s water
dialogue on the ultimate ends of policy and situation could be like in 2020 if efforts to solve

i planning. We explore here how California’s California’s water conflicts and to plan for a
i various water-using sectors fit coherently sustainable water future are successful. We
i together, rather than focusing on just isolatedthen discuss in Section II the need for a new
aspects of water, water-planning paradigm and in Section III the

What will drive the changes we envision? sustainabflity criteria upon which our vision is
Many economic, political, and cultural forces based. Section IV provides an overview of past
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and present state water plans and water-use financial, educational, regulatory, and techno.
trends in California. Section V presents our logical - that can lead toward a sustainable
assumptions and analysis that supports the water future. Specific conclusions and recom-
2020 vision. Section VI examines the tools -- mendafions are made in Section VII.

Lahontan

Sacramento
River

San Francisco
Bay

North

Colorado
River

Source: DWR 1994a.

2

D--045583
D-045583



The 2020 Vision

i
t is now the year 2020. Twenty-five years freshwater supplies, which has minimized con-
ago, in the final decade of the twentiethflicts and litigation over new proposed policy.
century, the management and protectionA planning process that resolves these conflicts
of California’s freshwater resources by setting new goals and priorities for water-

reached a turning point. The water policies ofresource management has been developed,
the first part of the century, which permitted and California officially plans for a sustainable
California to become a leading international water future.
agricultural and economic force, were begin- What does the California water situation
ning to f~dl, and appeared grossly inadequatelook like in 2020 and how did we get here?
to the task of meeting the challenges of the California’s total population has swelled to just
2]st century. Yet official institutions and poll- under 49 million people - the most populous
cymakers seemed unable to look past their state in the United States and substantially
traditional tools and practices to try to under-larger than the entire population of Canada.
stand the nature of the new challenges and toOnly 27 countries worldwide have larger popu-
develop ways of meeting them. lations, and very few have larger economies.

Two seemingly irreconcilable problems Of this population, more than 47 million live
exemplified the paralysis that gripped in cities -- an extremely high urban popula-
California water management: the competitiontion. Three-quarters of the state’s people live
between urban and agricultural water interests,in just two major urban conglomerations: the
and the inability of the state to develop and greater Los Angeles-San Diego coastal zone and
implement acceptable standards of protectionthe San Jose-San Francisco-Sacramento metro-
for critical environmental resources such as politan corridor. Development in this latter
groundwater aquifers, endangered and threat-region has almost split the Central Valley in
ened species, and critical aquatic ecosystems,two, with a band of urban sprawl stretching
To further complicate the problem, the federaleast from the Bay Area into the foothills of the
and state budget crises of the 1980s and 1990s,Sierra Nevada.
and public concern over environmental Total water supply remains about the same
impacts, effectively eliminated the possibilityas it was in the late 20th century. Surface
that major new physical facilities would be runoff still averages about 70 million acre-feet
built - the traditional response to past watereach year, augmented by flows from the
problems. Yet efforts to explore alternatives Colorado and Klamath rivers. Annual net
were not encouraged. As a result, California groundwater use is balanced by recharge and
water policy was so hobbled and confused thatranges from 7 to 12 million acre-feet, depend-
it offered no reasonable guidance for complica-ing on climatic conditions and availability of
tions such as rapid population growth, inter- other supplies. Perhaps the greatest change in
sectoral and regional competition for water, supply from the 1990s is an increase in the
large-scale climatic changes, and important, annual variability due to the onset of global
but uncertain technological and institutional climatic changes. California water supply has
changes, all of which we now know to be stan-always been highly variable: annual surface
dard characteristics of our day-to-day life. runoff in the 20th century varied from a low

Now, the crisis is over and sound water of 15 million acre-feet to over 130 million acre-
policies are in place for the 21st century. In feet. By the end of the century, however, peri-
large part, this change came about because ofods of extreme years began to occur more fre-
the natural progression of technological inno-quently. The last 25 years of the 20th century
ration and lifestyles and a continuing willing-produced new record dry periods for one year,
r~ess on the part of individuals to accept this two years, three years, and six years, as well as
progression where it improved their quality ofthe wettest years in recorded history. Thus,
life. There is consensus on how to use limitedwhile average runoff remains about the same,

3

D--045584
D-045584



California Water 2020: A Sustainable Vision

years of both droughts and floods have becomehighly efficient irrigation technology. This
more common, complicating the operation ofshift, driven in part by changes in federal and
the state and federal water projects. At the state water and crop subsidy programs, has
same time, by 2020 snowfall and snowpack incaused California to boost its global lead in the
the Sierra Nevada have decreased, and peak production and export of fruits and vegetables,
spring runoff occurs earlier and faster, as particularly almonds, grapes, walnuts, olives,
warmer average temperatures cause an apricots, pears, and artichokes. From 1990 to
increase in rainfall and a decrease in snowfall.2020, the area of irrigated pasture, alfalfa, rice,
Hydrologists have begun to accept that these and cotton dropped from 40 percent to 26 per-
changes, evident in other parts of the world cent of total state irrigated acreage, with most
as well, are the result of global changes in theof that land re-planted in other crops that can
hydrologic cycle related to the greenhouse be grown on the same land. Overall irrigation
effect. So far, water managers have been able efficiency has also risen slightly from 1990 lev-
to modify existing structures and methods of els. Despite continued urbanization and some
operation to adapt to the changes. Skiers are land fallowing, the total land under irrigation
trying to cope; white-water rafters are delighted,today is only 4 percent less than it was in 1990.

The net result of these changes is a decline

A. AGRICULTURAL in the amount of water consumed by agricul-

TRANSFORMATION ture in the state from 21.2 million acre-feet
in 1990 to 18.7 million acre-feet in 2020 --

AS a reduction of 12 percent. At the same time,the world’spopulationcontinuedits
enormous growth during the first two overall farm income has risen 12 percent (in

decades of the 21st century, the importance ofconstant terms) from 1990 levels. The agricul-California’s food exports has increased the sig-
tural population of the state, after decliningnificance of maintaining the state’s agricultural

production at high levels. Yet substantial significantly for the last few decades of the
20th century, has leveled off as a fraction ofchanges in the structure of the agricultural sec-
total state population, as many farms switched

tor have occurred since 1990. California farm-
ers have always been innovative and flex~le,away from growing water-intensive low-value

and continuing innovations in the California crops toward more labor-intensive but highly

agricultural sector have produced changes bywater-efficient high-value crops. Table 1 sum-
marizes many of these changes.2020 of a magnitude comparable with those in

Land permanently removed from irrigationthe preceding 25-year period: 1970 to 1995. In
includes marginal lands in the Central Valley,the early 1990s, water-intensive crops, such as

irrigated pasture, alfalfa, cotton, and rice, wereparticularly those susceptible to severe water-

being grown on 40 percent of California’s irA- quality problems along the west side of the San

gated cropland, consumed 54 percent of all Joaquin Valley and in the southern regions. On
farmland that remains in production, methodsagricultural water, yet produced only 17 per-

cent of the state’s agricultural revenue. By thethat encourage co-existence of wildlife and

turn of the millennium, the growing competi-farming are increasingly prevalent, with the
tion for water from the urban and environmen-result that pressure has been reduced on many

tal sector made these practices increasingly indigenous species. These environmentally-

unpopular and difficult to sustain. At the samefriendly farming methods gained in popularity

time, however, the realization of the impor- after federal and state endangered species
tance of maintaining a w~brant agricultural legislation was revamped in the late 1990s to
community in the state helped stimulate the replace emphasis on individual species with
movement toward water reform that permittedprotection of habitat and ecosystems.
the subsequent innovations and restructuring. In one of the most significant changes in

By 2020, the agricultural community has agricultural water policy, all groundwater use
begun a significant shift away from growing . and quality is monitored and managed by local
water-intensive, low-value crops, replacing groundwater management groups with the
them with lower water-using crops grown withguidance of statewide standards. As a result,
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long-term overpump-

Lug of groundwater Table ~

stocks -- one of the California Agriculture: 2020 Vision

clearest measures of
1990       2020       2020      Net Change Percent Change

the unsustaJnable California Totals DWRa DWRa Visionb 1990 to Vision 1990 to Vision
water policies of the
20th century -- has Irrigated Acreage (thousand acres) 9,570 9,302 9,145 -425 -4.4

problem in the mid- Applied Water (million acre-feet) 30.6 29.1 27.3 -3.3 -10.8

led to the permanent Farm Income (billion 1988 dollars) 12.2 12.8 13.7 1.5 12.3
loss of over 20 million
acre-feet of storage ¯ All DWR numbers are derived from DWR 1994~, except the groundwater Overdraft figures, v~aich come

capacity in Central from both 1994a and 1993.
b Details of the 2020 Vision can be found in Section 5B.

Valley aquifers. As DWR: Department of Water Resources.
lat~ as 1995, more
than one million acre-
~eet of groundwater were being overdrafted in able ~or certain classes of high-quality farm-
more than 30 separate groundwater basins, land. Tracts of ~armland considered to have
Official state projections in the mid-1990s high productive values or that support special
suggested that total groundwater overdraft of a flora and fauna habitats receive legal protec-
million acre-feet would continue to 2020 and tion ~rom urbanization. Legal mechanisms
beyond in the majority o~ California’s 10 hydro- have also been developed and implemented
logic regions. In three of these regions, ground- to ensure the availabili~ o~ adequate water for
water overdraft would have been more than 20 that land.
percent of total groundwater use. Innovations in integrated pest management

These projections were the result of tradi- methods spurred by a rethinking of fertilizers
tional assumptions about the continued crop- and pesticide use in the 1980s and 1990s,
ping o~ several low-value, water-intensive continue to lead to decreased application of

now permit water marketing and transfers, anda substantial improvement in water quality
changes in state and federal pricing policies forthroughout the agricultural regions. Human
both water and crops after 2000 led to volun- health and the reproductive success of water-
tary reductions in the planting of irrigated pas-fowl show noticeable improvements by 2020,
ture and alfalfa in these regions. Often farmerswith some of the greatest improvements found
replanted that land with other, more water-effi-in the rural communities of the Central Valley.
cient crops, which simultaneously eliminatedFor the first time in 40 years, the number of
the need to overdraft while generating higherCalifornia plants and animals on the endan-
farm revenues, gered and threatened species list has begun

Under the new state and local groundwaterto decline.
management system, groundwater overdraft
still occurs in drought years in regions capable

of being recharged later, but all groundwater
overdraft in aquifers vulnerable to land subsi-
dence, salinity intrusion, or contamination
from agricultural chemicals has now been

eliminated. Agricultural drainage is strictly
Controlled to protect ground water in vulnera-
ble regions of the state.

The new water pricing policies also guaran-
tee that surface irrigation water will be avail-
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J
ane Montrose, her brother Tim, and their tic sprayers using natural oils and soaps provide

families own a 700-acre farm in the San emergency pest control when necessary.

Joaquin Valley north of Fresno. They grow All the Montrose’s soils are intensively moni-

Chardonnay grapes, almonds, gene-altered toted for water content with soil moisture sen-

tomatoes, and peaches, with techniques and sors planted throughout their fields hooked up

practices unknown to their parents who grew to the farm’s central water computer system and

alfalfa, corn, and traditional canning tomatoes controlled at the farmhouse~ All trees are

on the same land 25 years earlier. By 2000, the watered with precise, cost-effective drip,irrigation

family began to notice that the petroleum-based techniques developed in Israel and perfected in

chemical arsenal on which they depended to California. The computer system atso.monit0rs

control insect and weed pests was losing its climatic conditions at several points On the farm

potency. At the same time, concern about the and has a permanent link with the agricultural

reliability of irrigation water led them to begin to weather forecast system in Sacramento, which in

plan for the transition away from standard irriga- turn is directly linked to the international satellite

tion methods. Since then, the siblings have accu- weather monitoring system. The farm’s computer

mulated a sophisticated understanding of the thus makes daily decisions on an irrigation sched-

role of a set of new natural and technological ule, depending on soil moisture, requirements of

tools, including cover crops, natural composts specific crops, and current and projected climatic

and mulches, new forms of disease-resistant vari- conditions. The farm computer coordinates

eties of crops, beneficial insects and birds, and watering needs with the central irrigation corn-

sophisticated technology for managing water, puter of the local irrigation district, which~assem-

Gone are the bare furrows and sterile border hies water requirements for all the farms in the

strips around their fields that were the require- region and manages the district’s overall water

ment of a twentieth-century farmer. In their place demands. Supplementary groundwater pumping,
are rows of native grasses between the vines and also carefully monitored, is also coordinated with

trees, with 15-foot wide hedgerows around every neighboring farms utilizing the same aquifer.
100-acre field. The perennial grass cover crops A twenty-acre plot of land along a creek on

suppress many noxious weeds formerly eliminat- the southern margin of their farm, which had

ed with herbicides, while simultaneously reducing always been hard to cultivate, has been set aside
topsoil loss and erosion on banks and slopes. The for wildlife such as quail, deer, and ducks.
hedgerow corridors also provide habitat for nat- Improvements included cleaning out the creek
ural insect predators like wasps, lacewings, and bed (where they found an old 1982 tractor
ladybird beetles, which have reduced the need engine, a rusty bed, sixteen tires, which they
for pesticides 80 percent from the levels used in recycled, and three batteries from the gasoline-

the 1990s. The hedgerows at the ends of the powered cars of the time), planting willows,
fields are planted with perennial grasses, black- oaks, and other native plants, and digging a
berries, and six types of native willows, providing small pond. The creek bed and pond provide
food and shelter for a wide variety of birds and habitat for wildlife, and farm workers enjoy
roosting areas for raptors like barn owls and sitting here during breaks.
hawks, which eat up to 50 pounds of rodent
pests per bird every year. Sophisticated electrosta-
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1990 2020 2020 Net Change Percent Change
DWRa DWRa Visionb 1990 to Vision 1990 to Vision

California Population (millions) 30.0 48.9 48.9 18.9 63%

.,TotaiAppiied Urban Water Use (million acre-feet) 7,8 1Z5c- , 8.2 0,4

Per-capita Residential Applied Water Use (gallons per person per day) 137 136 74 -63. -46%

Tot~! ~esidentiaJ Applied Water Use (million acre-feet) 4,6 7,4 4.t

Total Non-Residential Applied Water Use (million acre-feet) 3.2 5.1 4.1 0.9 29%

iReciaimed Water Use (million acre-feet) 0.4 1.3. ~, . 2.0

= All DWR numbers are derived from DWR 1994a.
b Details of the 2020 V~sion can be found in Section 5A,

DWR 2020 estimates of urban applied water use va~, from 12.5 to 12.7 million acre-feet (DWR 1994a).

B. URBAN RENEWAL in the mid-1980s during the severest drought of

the 20th century. At that time, changes in land-

california’s scaping techniques, residential and municipal
population, the largestin the

United States and on a par with South irrigation technoloKy, and indoor water use
Korea, Italy, Great Britain, and France, was temporarily mitigated water shortages.
already highly urbanized in the 1990s and Eventually, these temporary fixes began to
remains so today. Over 90 percent of the popu-lead to permanent changes in preferences for
lation lives in urban areas, but per-capita urbanlandscaping and in new demand for efficient
water use has dropped dramatically from 1990indoor fixtures. Al~er 1990, growing interest in
due to changes in technology, social values, water-efficient technologies led to new prod-
lifestyle, and economics. These changes beganucts and markets domestically and abroad.

1990 DWR 2020 Vision
Applied Water Use’ Applied Water USeb

(gallons per person per day) (gallons per person per day)

Toilets 33 8

~ Showers/Baths

Faucets 12 10
Washing Ma nes                        !8

Dishwasher 3 3
Total Applied OutdoorWater Use 46

Total Residential Applied Water Use 137 74

a The 1990 indoor estimates are based on DWR’s 1990 distribution of residential indoor water use and the statewide per-capita
applied water use of 137 gallons per day. Numbe/~ may not add up to totals due to rounding.

b The 2020 indoor water-use estimates assume an average of 5.0 toilet flushes, 4.8 minute showering time, and 4.0 minute
faucet-use time daily per person. These factors are based on findings from the U.S. HUD (1994) study and have been widely
used and accepted by water researchers and planners. These indoor estimates do not include efficiency improvements in
non-National Energy Policy Act (1992) water-using fixtures and appliances, such as washing machines and dishwashers.
The 2020 outdoor water-use estimate assumes a 25 percent reduction in outdoor potable water use and a further 25 percent
substitution of outdoor potable water use with reclaimed water
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california industries now have a healthy shareeducational programs emphasizing the beauty

of the global market for water-efficiency equip-of native, drought-resistant plants. In the resi-

rnent, and California water experts are regular-dential sector, some households have chosen to
ly sought after for advice on modifying indus-keep traditional lawns, but they meet this out-

trial processes and water policies, door water demand with "gray" water, or they
Concern over equitable access to a mini- pay very high rates for using potable water.

mum supply of clean water for all residents Within city limits, almost all remaining tannic-
led the state legislature to guarantee access toipal or commercia! outdoor turf irrigation
75 liters of potable water per person per day makes use of reclaimed water rather than
(approximately 20 gallons per person per day)potable water. The use of drinking water to
at lifeline rates. This quantity includes the irrigate urban municipal and commercial land-
water needed to maintain basic human health,scaping has now been practically eliminated.
adequate sanitation services, and provide Table 2 summarizes these changes.
for minimum food preparation and cleaning. Beginning in the late 1990s, a concerted
These data are comparable to the recom- effort was started to build the infrastructure
mended standards of the United Nations necessary to eliminate the discharge of treated
International Drinking Water Supply and wastewater into the ocean. Reclaimed water is
Sanitation Decade and the World Health now used for a wide range of industrial, agri-
Organization. For a population of 49 million cultural, and commercial purposes, .and meets
people, this allocation requires about 1.1 strict health and safety standards. All new
million acre-feet per year (1.3 cubic kilometershousing and all industries capable of using
per year). Water use for residential purposes such water within 10 miles of a waste-treat-
above this minimum is now charged in merit plant are now served by dual piping from
increasing block rates, and all water use those plants. This water source now supplies
is metered, more than 2 million acre-feet of water demand

Most of the older water-using infrastructurein the urban and agricultural sectors, and 75
has been replaced in residential, commercial,percent of all urban wastewater in California is
and municipal buildings, encouraged by statereclaimed and reused. These efforts compare
and federal policies, new standards for favorably with Israe!, which reached 70 percent
construction, and by water utility programs reclamation of urban wastewater in 1990
promoting replacement of fixtures in older and nearly 80 percent by 2000. The city of
buildings. All water fixtures meet or exceed Phoenix, Arizona met its goal of reclaiming
the requirements set under the 1992 National80 percent of its wastewater after the turn of
Energy Policy Act (NEPAct). Residential per- the century, while the state of Nevada reuses
capita indoor water use has dropped dramati-80 percent of urban wastewater for agriculture
tally, nearly 44 percent, as a result, and landscape irrigation, environmental

Savings in per-capita water use also resultedenhancement, and industrial use. The use
from reductions in outdoor water use. Water- of wastewater is encouraged by a range of
hungry grass has disappeared except where tools, including low-interest loans to facilitate
water users are willing to pay premium rates the construction of dual-distn~bution piping
or use reclaimed water. Overall, per-capita out-systems that deliver both potable and
door water use is 25 percent below 1990 levels,reclaimed water to users. Financial incentives
with another 25 percent of outdoor use beingto users are also available to reduce the costs
satisfied by non-potable water sources. In of delivered water.
many places, most residential and municipal Total per-capita residential water use has
landscaping has shifted to the use of native, dropped 46 percent from 1990 levels. Thus,
low-water using vegetation - xeriscaping - while California’s population has increased by
eliminating the need for nearly all lawn irriga-more than 60 percent since 1990, total residen-
tion. The shift to natural vegetation is driven tial potable water demand actually decreases
in part by new progressive rate structures for by 11 percent. Table 3 provides residential
residential and municipal water use and by per-capita water use data for 1990 and 2020.
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DALLY USE: Toilet: Sink: Shower:
137 GALLONS PER PERSON 6 gallons 3 to 7 3 to 8 gallons

per flush gallons per minute
per minute

Traditional
Garden

I-’l-’r-I
)rinkler

DALLY USE: Low-Flow Sink: Shower:
74 GALLONS PER PERSON Toilet: 2.5 gallons 2.5 gallons

1.6 gallons per minute per minute
per~lush

Native
Drought
Resislent
Garden With
Drip System
34 gallons
per day
(includes 11gallons
reclaimed
water)

Reclaimed

/
Potable
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K athy and Jim Chien live with their nine-year old daughter in a
single-family home in a suburban community between Los
Angeles and San Diego. Both work at home on flexible schedules:

Kathy commutes two days a week to her job as telecommunications
coordinator for an industrial firm specializing in the production of com-
ponents for electric buses; Jim commutes on an irregular basis to the
local state community college where he manages the on-line data base
for the history department, Their house is 1400 square feet and was
built ten years earlier in 20t0 with the best water and energy savings
technology then available. In addition, they have one-quarter of an acre
of property, on which they have a small vegetable garden and a place
to sit and enjoy the sun.

The two bathrooms are equipped with tow-flow toilets and water-
efficient showers and faucets with both manual and automatic shutoff
modes. The kitchen has a new dishwasher (the latest Westingtagmore),
which is even more water efficient than its predecessor. The laundry
room also boasts a new horizontal-axis washing machine that uses half
of the water of the old machine, which was a hand-me-down from
Kathy’s parents. The microwave clothes drier recycles water back to the
washing machine.

The drains from all the sinks and showers have automatic sensors
that direct lightly soiled "graywater" to a storage system in the base-
ment and heavily soiled water to the community sewage system. The
graywater is filtered and mixed with reclaimed water from the regional
waste treatment plant fed by the independent piping system recently
installed for all municipal irrigation in their community. This system pro-
vides water for the nearby park, playing fields, and community gardens.
Graywater is used to supply the Chien’s toilets and outdoor irrigation
system. Their backyard garden consists of a wide variety of native,
drought-resistant plants, which attract hummingbirds and butterflies
throughout the year, though Jim insists on maintaining a small area of
lawn, which is also watered with reclaimed water.

Uke all the residents in their community, the Chiens receive a water
bill every two months, broken into three parts: their potable water use,
their reclaimed water use, billed at a lower rate, and their sewerage bill,
which depends on the volume of water they return to the regional
water treatment plant. All water flows into and out of the house are
monitored by meters that can be read directly by the water utility and
that also feed directly into the home computer so that water use can be
tracked by the family. Their daughter recently brought a printout of the
family’s water use to school to compare with other students for "Water
Week." The potable water bill includes an allocation of 20 gallons per
person billed at low "lifeline" rates; their water use above that amount
is billed at increasing block rates. The Chien’s per-capita water use is
typically under 80 gallons per day, well below the average daily use of
their parents -- 140 gallons per aerson --in the 1990s.
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C. ENVIRONMENTAL resolved and institutions to be set up to man-

REVIVAL age the water needs of both communities.
These policy tools are also of interest to water

I n 2015, state water-quality managers
experts from around the world, particularly in

announced that the "Drinkable Streams" pro-the Middle East, where new water-sharing
gram, instituted in the year 2000 to clean uparrangements are being put in place from
California’s mountain waters was succeeding,Turkey all the way to the Sudan and the Horn
and that new land-use standards had restoredof Africa.
all streams and lakes in the Sierra Nevada

Integrated management to protect water
above 7500 feet to a drinkable condition for the environment has led by 2020 to the
without treatment. The waters in California’s

restoration of some of the native fish runs in
Wild and Scenic Rivers System continue to be

the Sacramento/San 3oaquin river basins.
protected by law and public sentiment.

Waterfowl populations along the Pacific Coast
Institutional mechanisms for maintaining the
health of the San Francisco Bay/Delta and

Flyway, which reached their nadir in the early
1990s have increased to significantly higher

inland wetlands, which started to be put in
levels because of efforts to restore and protect

place in the mid-1990s, have been further
seasonal habitats. Every year tourists come todeveloped and implemented. Rather than
see the spectacle of millions of ducks, geese,

reserving absolute amounts of water for
and cranes wintering in the refuges of centralecosystems, specific ecosystem goals have
and northern California.

been defined, such as restoring and maintain-
A final ~fix" to the Bay/Delta system --

ing healthy populations of freshwater and
involving both technical and institutional

anadromous fish, keeping salinity below cer-
tain levels, and protecting habitat for waterfowlchanges - protects vulnerable aquatic species

in coastal and inland wetlands. The actual at certain times of the year. Some levees pro-

amount of fresh water required to meet thesetecting low-lying Delta islands failed during

recent flood years (the result of both highgoals depends on climatic conditions, the time
of year, and the explicit biological goals runoff and some sea-level rise). Federal and

defined. As a result of these actions, the state financing for levee repair and restoration

anad.romous fish populations in California’s was limited by economic considerations and

rivers that managed to survive to the turn of environmental constraints, forcing innovative

the century remain healthy, management. As a result, certain levees were

These innovative approaches to balancing intentionally left unrepaired, altering the flow

environmental protection with water condl- dynamics in the Delta and improving the

tions are attracting worldwide attention, ecosystem health of the entire system. At the

Hydrological and biological experts from same time, the Delta fix permits better control

around the world come to California to study over freshwater diversions to southern

pristine and restored river systems and wet- California and Central Valley agricultural

lands with the goal of returning and restoring communities. During extremely dry years,

damaged aquatic ecosystems at home, particu-additional natural flows into the Delta are per-

larly in Europe and Asia. The recreational mitted for environmental reasons, while rood-

value of these systems, for fishing, rafting, est amounts of high-quality water for southern

bird-watching, and camping continues to rise, California are provided by emergency trans-

with careful management to prevent overuse,port of water in bags towed from the Pacific

Innovative solutions to the environmental- Northwest and Alaska to water-supply intakes

urban-agricultural water conflicts of the late in the Delta. Similar bag technology routinely

20th century included careful water marketingservices dry coastal areas in the Middle East

and transfers that permitted the environmentand drought-stricken parts of industrial Asia.

to benefit from agricultural and urban water The early successes in combining wildlife

exchanges. At the same time, explicit discus-habitat with rice farming is expanded to other

sion of desired ecosystem values permitted thecrops and other environmental problems.
environment/agricultural competition to be Cover cropping, hedgerows, and the restoration
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of riparian habitat have proven especially water for all industrial processes capable of
effective at improving wildlife habitat and replacing potable water. In the 1990s, rising
fishery conditions. Many farmers now competewater prices, reliability concerns, growing
among themselves to identify ecologically availability of reclaimed water, and an ethic of
sensitive farming methods while maintainingwater efficiency all contn~buted to a search for
production and revenues, the best approaches for integrating reclaimed

water into the industrial process. Today, the
use of reclaimed water is an integral part of

D. INDUSTRIAL INNOVATION California’s industrial sector.

i n an attempt to maintain the economic
health of the state, a major effort at the end

of the 1990s and into the early 2000s shifted E, FREEDOM OF
the focus of California’s economic activity from INFORMATION
military, machinery, and traditional industrialI~eginning after the turn of the century, an
production to telecommunications, electronics,J-.)all-out effort was made to put into place an
and services. This effort accelerated the effective and inexpensive system for collecting,
changes experienced between 1970 and 1995,evaluating, and archiving California water-
when major industries such as the fabricatedresources data. In large part, this effort was
metals, petroleum, and primary metals sectorsstimulated by the realization that inadequate
became far less important parts of the information on state water resources and use
California economy, while computer equip- was seriously hindering the development of
ment, scientific instruments, and clothing rational, long-term water plans. But the deci-
manufacturing became relatively more impor-sion to improve data collection and manage-
taut. After the turn of the century, this trend ment was also accelerated by the development
accelerated, and by 2020, the water-intensiveof sophisticated computer networks, data
industrial activities of the chemical and prima-management methods, inexpensive accurate
ry metals industries, paper and pulp produc-monitoring technology, and growing demands
tion, and petroleum refining have become anfor water data by diverse users.
even smaller fraction of the state’s total econo- Today, data on all aspects of water stocks,
my. Thiz has been paralleled by a substantialflows, use, and quality are being collected.
expansion in less water-intensive computer Using new, flex~le orbiting earth-observing
and telecommunication production and stations, precipitation, evapotranspiration,
services, the production of transportation vegetative cover, land use, soil moisture, the
equipment, including alternative individual Sierra Nevada snow-pack, surface water quality,
and mass-transit vehicles, and a wide range and other important variables are now routine-
of service industries, ly monitored. On the ground, all aspects of

These industries use far less water per human water use are closely measured, includ-
unit of economic output. Even the remaining ing groundwater pumping and recharge rates,
water-intensive industries have substantially volumes of flow, and quality. These data are
improved their water productivity, matching freely and easily available to the public, often
gains of the 1970s and 1980s, when total statein real time, through the Net and supported by
economic output far outpaced growth in indus-a consortium including a newly formed state
trial water use. As a result of these trends, independent water agency, California academ-
overall industrial water-use efficiency has ic organizations, and non-governmental groups.
increased by 20 percent over the last 25 years.
These advances have also stimulated a new
industry in exporting water-efficiency productsFo INSTITUTIONAL
and services internationally, particularly to the RE-ORGANIZATION
new Middle East/Persian Gulf confederations,

leading the way towards these changes into parts of Africa, and to the Indo-Asian region.
.I-ICalifornia water policy and planning in

There is now a far greater use of reclaimed 2020 is a restructured and revitalized water
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Californi~ Water: 2020

T
he Great Central Valley of California, a Hundreds of scientific experts from around the
430-mile long and 75-mile wide depression world come annually to study the success of Wild

between the Coast Ranges and the Sierra and Scenic Rivers legislation and other actions to

Nevada, is home to California’s important agri- protect California’s aquatic ecosystems. Growing

cultural areas, rich migratory waterfowl refuges, interest in restoring damaged river systems

and an increasing fraction of the state’s popula- elsewhere, particularly in Europe and Asia, has

tion of nearly 50 million people. The process of focused new attention on California’s methods

urban sprawl, begun in the middle of the 20th and experience in managing relatively pristine

century, has continued during the first two waterways.

decades of the 21st century, though efforts have Integrated management to protect water for

been made to constrain development in areas of the environment has led to the restoration of

prime farmland. As a result, the land between some of the native fish runs in the SaCramento/

San Francisco Bay and the Sierra Nevada foothills San Joaquin river basins. The other anadromous

that included Vacaville, Sacramento, and Auburn fish populations in California’s rivers that man-

has become a continuous urban corridor bisect- aged to survive to the turn of the century remain

ing the Valley. This corridor is served by regular healthy, though more than 30 of California’s
high-speed electric trains along the old 1-80 original naturally spawning Padfic salmon stocks

route, are gone for good.
In the Valley itself, major urban developments Waterfowl populations along the Pacific

are also present around Modesto, Fresno, and Coast Flyway, which dropped from an estimated

Bakersfield, though strong rural agricultural corn- 60 million in the 1940s to 3 million in 1993 have

munities remain firmly in place. The northern increased to nearly 15 million because of efforts

Sacramento Valley continues to grow almonds, to restore and protect seasonal habitats. Every
new varieties of tomatoes and rice, irrigated pas- year thousands of out-of-state visitors flock to
ture and other field and truck crops. The south- see the spectacle of millions of waterfowl winter-
ern portion -- the San Joaquin and Tulare basins ing in the refuges of central and northern
-- continues to grow high-yield cotton, truck California and many farmers compete to see

crops, almonds and other high-valued nuts, and who can attract the most rare bird species (and

grapes. Throughout the Central Valley there h-as income-generating bird-watching tourists) to
been a shift away from water-intensive field their communities during migrations.
crops such as alfalfa, irrigated pasture, cotton, Major floods in the early part of the century
and rice, though these still make up a large frac- -- a combination of climate-induced sea-level
tion of California’s irrigated acreage. Certain rise and severe storms -- caused the failure of

marginal lands brought under irrigation in the some levees in the Delta and the flooding of sev-
1960, ’70s, and ’80s have been taken out of pro- eral low-lying Delta islands. Lack of financing and

duction and replanted with native vegetation in new state policies prevented complete rebuilding
an effort to improve groundwater quality and of the levee system. Instead, selective levees were
restore some of the original grassland habitat, reconstructed to alter the flow dynamics in the
Perennial bunchgrasses and annual grasses and Delta to improve the ecosystem health of the
herbs have been planted on some of this land, entire system and to reduce the risk of salt water
reviving the legendary wildflower displays and contaminating fresh water intakes. At the same

drawing visitors from throughout the country, time, the Delta fix permits better control over
Plans are underway to reintroduce populations of freshwater diversions to southern California and
Tule Elk, Pronghorn, and Mule Deer into selected Central Valley agricultural communities and has

reconstructed prairie habitats, helped restore and sustain threatened fisheries.
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planning institution. By the turn of the centu- Besides building consensus, one of the
ry, water planners came to accept that plan- agency’s chief tasks is compiling and making
ning was more than a technical exercise for access~le water data. To provide necessary
engineers to carry out behind closed doors, information, the agency has developed and
Today, planning is viewed as an exercise in theimplemented surface and groundwater moni-
democratic control of water resources, with toting programs statewide that coordinate with
broad public participation and open access tofederal and international data-gathering satel-
information. The offici!l California Water Plan lites and ground-based projects. Furthermore,
is now produced under the guidance of a newin cooperation with fish and wildlife organiza-
statewide planning agency independent of thetions and environmental groups, it developed
state agency responsible for construction andand maintains a database on water quality and
operation of supply projects. The new agencywater requirements for ecosystem health.
was created as a planning group, a clearing- Groups use this information to educate the
house for water-resource data, an educational public, assist water users to become more
resource for water users, and a forum for water efficient, and provide various interest
resolving conflicts over water when it becamegroups with information for planning. Data are
clear that existing organizations were ill-suitedorganized and available through a variety of
for these tasks, electronic means and are freely access~le

The employees of the new agency have a through public l~raries, schools, and direct
wide range of skills, including training in telecommunications.
policy, law, irrigation technology, hydrology,
economics, ecology, sociology, biology, and
engineering. The agency coordinates with G. STRATEGIC OPTIONS
other federal and state agencies as well as FOR REACHING A
local water districts, agricultural and industrial SUSTAINABLE WATER
users, and environmental interests in the con- FUT~
strucfion of the state water plan. It maintains
strong relationships with non-governmental r~he vision presented in the preceding pages
organizations to help collect information and.l_offers poss~le directions for California

enforce monitoring of water use. By working water interests. How can California reach this
vision? The broad outlines of how to proceedwith both these governmental and non-govern-

mental organizations, the planning agency toward a sustainable water future are already

gathers information and develops operationalknown. The institutional and financial tools to

plans much more effectively and efficiently, shift in these directions are, for the most part,
little different from those already available orToday, the official California Water Plan

includes visions of long-term water supply andworking in California or elsewhere. Described

use to 2050 and 2075, and guides long-term briefly here are strategic options for moving in
the direction presented above.water policy. To fashion these visions, the

agency builds a forum of water interests. In 1. Agricultural Transformation
particular, the agency seeks out groups that The major changes laid out in the agricultural
were traditionally underrepresented during thevision over the next 25 years entail changes in
end of the last century. It provides resources tothe types of farms and farming communities,
disenfranchised groups to help them partic- and shifts in crop types away from low-valued,
ipate on an equal basis with better organizedhighly water consumptive crops. In particular,
and wealthier groups. Consensus and conflictirrigated pasture, alfalfa, rice, and cotton gener-
resolution techniques are used to find commonate only modest amounts of farm revenue per
ground among competing interests. In cases unit of water applied compared to the veg-
where sufficient consensus on the future etable and fruit crops for which California is
vision is not possible in a timely manner, alter-renown. Over time, incremental shifts
native visions are now explored and choices away from these water-intensive crops can
presented for the state legislature to decide, effectively reduce agricultural water demands
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with poss~le gains in farm income and 2. Urban Renewal
employment. The urban vision descn’bed here results

Many factors influence the crops farmers from three major changes: improvements in
choose to grow. They include soil types, mar-indoor water efficiencies, reductions in outdoor
ket prices for crops, government agricultural water use, and greater use of reclaimed water
subsidies, experience and knowledge, water where appropriate. No dramatic changes in
availability and prices, family tradition, equip-lifestyle are assumed here; what is projected
ment costs, and so on. The changes projectedinstead is maintaining current standards of
here as desirable over 30 years (between 1990living while reducing the water requirements
and 2020) are not particularly dramatic - of those choices, and providing a minimum
they are intentionally comparable to the kindsstandard for all California residents.
and magnitude of changes experienced in Improvements in the industrial sector are
California agriculture over the last 30 years, also likely to continue recent trends, but will
As a result, if policymakers and the public involve more attention by specific industrial
conclude that these changes are an appropriateusers. Changes in the structure .of the industri-
goal, different combinations of policies could al sector, away from certain water-intensive
be put into place to encourage them. Among activities of heavy industry toward industries
the most important changes needed to movethat require little water per unit of output, may
water policies toward sustainable agriculture prove to be as or more effective than efficiency
are to: improvements within sectors. Present indica-
¯ Design and implement comprehensive localtions are that both trends will persist. General

groundwater monitoring and managementstrategic options for the urban sector include:
programs statewide. ¯ Fully implement existing water-efficiency

Q Gradually reduce federal and state water provisions of the 1992 National Energy
subsidies that encourage inefficient use Policy Act.
of water. Q Develop new cost-effective water-savings

¯ Gradually reduce federal and state crop sub-equipment and methods for indoor and out-
sidles for low-value, water-intensive crops, door residential, commercial, and industrial

¯ Develop on-line data collection and dissemi-water use.
nation networks to provide farmers with ¯ Develop programs to encourage implemen-
immediate meteorological and hydrological tation and use of water-efficient technolo-
information on climate, soil conditions, gies and practices.
and crop water needs. ¯ Implement lifeline water allocations and

¯ Implement programs for permitting water rates for the residential sector.
transfers and marketing.                    ¯ Implement increasing block pricing or other

¯ Identify and reduce adverse impacts on         innovative rate structures for all urban
rural communities and the environment users.
from higher water costs or water transfers. ¯ Develop programs to evaluate applicability

¯ Identify and improve upon agricultural prac- of reclaimed wastewater for different uses.
tices that enhance environmental values. ¯ Develop programs to encourage appropriate

¯ Continue experimentation, commercial use of reclaimed wastewater.
development, and use of efficient irrigation

3. Environmental Revivaltechnologies, new crop types, and non-
chemical agricultural practices. Environmental protection has not always been

an important component of California’s politi-¯ Implement new rate structures at local,
cal landscape. In recent years, however, it hasstate, and federal levels to encourage more

efficient use of water, become clear that the public wants to protect
much of what remains of the natural heritage

¯ Identify and protect strategic farmland fromof the region. Balancing this protection with
urban development, the resource demands of the same public is a
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major challenge. By 2020, many of the disputes
over protecting environmental goods and
services could be resolved. Among the strategic
options for meeting this goal are to:

¯ Implement programs to permit participation
of the environmental sector in water
markets and trades.

Identify and set flex~le water requirements
for restoring and maintaining specific
environmental goals.

¯ Integrate agricultural and environmental
water management in the Sacramento
and San Joaquin Valleys, where the best
agricultural land and vitally important
environmental resources co-exist.

¯ Integrate land-use and water-supply plan-
ning for new development in urban areas.

¯ Design river flow and quality regimes that
protect and enhance remaining anadromous

fish populations.

¯ Collect and maintain environmental and
ecological data, with open access.
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A. INTRODUCTION climatic changes, rapid population growth in

The
management and protection of the most water-short regions, and important,

California’s freshwater resources but uncertain technological and institutional

have reached a crucial period. In thechanges.

last decade, it has become obvious to Sound water policy for the 21st century will

many that traditional water policies, which require solid planning. Currently, there is no
consensus on how society should be using itspermitted California to become the agricultural
limited freshwater supply. There are only con-and economic force it is today, are not up to
flicts and litigation over every new proposedthe task of meeting the challenges of the 21st

century. Yet water institutions and policymak-policy. What is needed for the coming decades
is a planning process that will resolve waterers have so far been unable to develop new
conflicts by setting new goals and priorities fortools and approaches to try to understand and
water-resource management.address the nature of these new challenges.

Two trends exemplify the deadlock now
gripping California water management: the B. TW TH CENTURY
conflict between urban, agricultural, and envi- WATER PLANNING:ronmental water interests, and the inability of

THE STATUS QUOcompeting parties to agree upon adequate stan-
dards of protection for groundwater aquifers, -r-~uring the 20th century, water-resources
Central Valley water resources, and critical $_~planning has typically focused on making
aquatic ecosystems, such as the Bay/Delta projections of variables such as future popula-
system. The traditional response to past waterfions, per-capita water demand, agricultural
problems was to build major new facilities, butproduction, levels of economic productivity,
this option is rapidly closing because of federaland so on. These projections are then used to
and state budget problems and the perceptionpredict future water demands and to evaluate
that such facilities often cause more problemsthe kind of systems necessary to meet those
than they solve. Yet efforts to explore non- demands reliably. As a result, traditional water
structural alternatives have not been encour-planning always projects future water demands
aged. Ironically, after seven years of drought inindependent of, and typically larger than, actu-
the past eight years, the limited state fundingal water availability. Planning then consists of
available for water conservation efforts is beingsuggestions of alterna-
reduced. According to some estimates, officialrive ways of bridging What is needed .for the c~mi~’~g decades
1994 funding for the water conservation officethis apparent gap is a planning process that z~ii~
was about $2 million out of a total Departmentbetween demand and w~.ter conflicts by sertt~ng new goals a~d
of Water Resources (DWR) budget of nearly supply. Prior to 1980, ~o~qt~e,s fer" ~vat~res~...’ce .;na~agc~ne~.L
$1 billion. And that is half of what it was whenthese exercises result-
the drought began in 1987 (Mayer 1994). Evened in a focus on supply-side solutions: it was
the official DWR budget shows the 1994-95 assumed that the projected shortfalls would be
overall conservation funding at only 0.33 per-met solely by building more physical infra-
cent of their total budget (J. Florez, DWR, structure, usually reservoirs for water storage
Budget Office, personal communication, 1995).or new aqueducts and pipelines for interbasin
As a result, California water policy is so hob- transfers. In recent years, some water suppliers
bled and confused that it offers no reasonableand planning agencies have begun to explore
guidance for the future, which may also limited demand-side management and
include such complications as large-scale improvements in water-use efficiency as a

19                                                                              ~

D--045600
D-045600



California Water 2020: A Sustainable Vision

means of reducing the projected gaps. While priate. Water needed to maintain threatened
this is certainly an improvement, traditional California ecosystems and aquatic species will
planning approaches and a reliance on tradi-come and go with the rains and with human
tional solutions continue to dominate water demands. And projections of total water
management actions, demands exceed available supplies by several

The present method for projecting water million acre-feet -- a shortfall projected in
demands assumes that future societal struc,- every report since 1957. Figure 3 shows water
tures and desires are virtually identical to supply and demand as projected for the year
those in place today. Resource, environmental,2020 by several of the official water plans.

or economic con- Trend is not destiny, and projections are
A major problem aJ~licting California straints are not con- not predictions. Yet there is little reason for

water planning is the feature to set sidereal. Even ignoringoptimism to observers of the California water
priorities and values. The current tack the difficulty of pro- scene. Endless hearings over standards to

of consensus on a guiding ethic for jecting future popula- protect the San Francisco Bay and the
water policy has led to ~ragmented tions and levels of Sacramento/San Joaquin Delta have been
decision-making and incremental economic activities, ordered, and held, and canceled, and resched-

changes that satisfy no one. there are many limita-uled.2 Policy decisions on important issues
tions to this approach, have been proposed and rejected and redrafted

Perhaps the greatest problem is that it routine-and re-rejected because competing interests
ly produces scenarios with irrational conclu- cannot, or will not, agree. As a result, v-ulnera-
sions, such as water demand exceeding supplyble agricultural communities, fisheries and the
and water withdrawals unconstrained by envi-people that depend on them, and urban and
ronmental or ecological limits, industrial users all suffer from inaction today.

California water management is a good A major problem afflicting California water
example. Every several years, the California planning is the failure to set priorities and val-
Department of Water l~ssources (DWR) issuesues for the use of water. The current lack of
its update to the "California Water Plan." 1 Theconsensus on a guiding ethic for water policy
most recent version, officially released in latehas led to fragmented decision-making and
1994, could have been an opportunity to lookincremental changes that satisfy no one. Some
forward toward alternative approaches to the suggest that the problem is primarily technical
state’s water problems. Instead, it is little dif- and that we only need more efficient technolo-

ferent in the nature of its projections and gy and better benefit-cost analyses to satisfy
proposed solutions from the plans developed the needs of a11 interests involved. Others
over the past 35 years, believe that only a reorganization and coordi-

According to the DWR, California water nation of the state’s now fragmented policy
policies -- and problems - in 2020 will be process will rationalize water policy.
little changed from today. The state will grow

C. TWENTY-FIRST CENTURYthe same kinds of crops, on about the same
amount of land. The larger urban population WATER PLANNING-" THE
will slightly improve water-use efficiency, but NEED FOR A NEW VISION
large amounts of water will still go for house-

t-~his report begins with the premise thathold and municipal lawns. Many groundwater ~_ current water planning in California repre-
aquifers will still be pumped faster than they sents a failure of water-resource institutions to
are replenished. Billions of gallons of treated forge common goals for water development
wastewater will be dumped into the oceans, and to seek agreement on principles to resolve
rather than recycled and reused where appro-conflicts over water. The twentieth-century

The original California Water Plan was published in 1957 as Bulletin 3. Now officially known as Bulletin 160, updates to
the California Water Plan have been published in 1966, !970, 1974, 1983, 1987, and, most recently, 1993 (with an official
final rdport release in the fall of 1994).

FIn December 1994, a new interim decision on standards and procedures to protect the San F ancisco Bay/Delta was
announced by the federal, state, and non-governmental groups responslTole for reaching a decision. Despite remaining
uncertainties, there is hope that this issue may at last be largely resolved.
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Figure 3
Comparison of DWR Forecasts of Net Water Demands and Supplies
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Total Water Supply includes expected future additions at time of projection and does not include groundwater overdraft except in the 1966 projection.
The Ultimate Future projection of 1957 is the estimated supply and demand when the state’s land is in a state of full development.
Four future scenarios were calculated in 1974. The projections here are from Future Alternative III, the most reasonable future according to the DWR.
The official 1993 projections included undeveloped water supplies not induded in previous DWR projections.
The supply and demand figures here exclude dedicated natural flow and instream flows.
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water-development paradigm, which was place a high value on It is t~me w plan for
driven by an ethic of growth powered by con- maintaining the and ecological need~s ~;.qt~ the water
tiaued expansion of water-supply infrastruc- integrity of water that is available, and to dete~nlne
ture, has been stalled for the last two decadesresources and the what d~sires can be satisfied within the
as social values and political and economic flora, fauna, and limits of our resources. This is an
Conditions have changed. Meaningful changehuman societies that esse~tia! change, and w~7~ require some
tOwards a new ethic has to begin with a have developed around new thirJci~g ar the ~ighest l.~v~s
dialogue on the ultimate ends of water- them. And it means -- a hydrol.ogic
resource policy, that the costs and ben-

Sustainabflity and equity are primary goalsefits of water-resource management and
from which to begin. Simply stated, these goalsdevelopment are to be distnq~uted in a fair
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and prudent manner. Together, these goals prioritize competing claims over water.
represent a commitanent to nature and the This ethic may be easy to state, but the real
diverse social groups of the present and futurechallenge is to define the specifics. What do
generations, sustainabflity and equity mean when applied

An ethic of sustainabflity will require a in the real world? What kind of planning
fundamental change in how we think about practices are consistent with these objectives?
water in California. Rather than trying to find While not all will agree with the specific
the water to meet some projection of future approach taken here, the direction that is set
desires, it is time to plan for meeting presentout can be used to guide rational and meaning.
and future human and ecological needs with ful debate over water-resource policy. Rather
the water that is available, and to determine than allowing the overall goals to be deter-
what desires can be satisfied within the limitsmined by the outcomes of fights among the
of our resources. This is an essential change,most powerful and wealthy interest groups,
and wig require some new thinking at the goals to further a genuine common interest
highest levels -- a hydrologic perestroika, can be forged and real conflicts can be resolved

Water-resource planning in a democratic in a fair and equitable manner based on demo-
society requires more than simply deciding cratic ideals. In the absence of democratic
what project to build next or evaluating whichdialogue, water-resource development can
scheme is the most cost-effective. Planning only continue down a course plotted decades
must provide information that helps the publicago, one that may have been appropriate then,
to make judgments about which "needs" andbut which fats to meet the challenges of the
"wants" can and should be satisfied. Water is anext century.
common good and community resource, but it
is also used as a private good or economic
commodity; it is not only a necessity for life
but also a recreational resource; it is imbued
with cultural values and plays a part in the
social life of our communities. The principles
of sustainabflity and equity can help bridge
the gap between such diverse and competing
interests.

A statewide water plan must address such
questions as: How much water is needed for
satisfying the domestic use of a family in
urban Los Angeles or in a rural community?
Should people be able to use as much water as
they can pay for? Under what situations should

water be delivered to
In the absence ~f de~..ac:’,~,4c .~.~L2.~,~H,._~, farmers at rates below
wate~’.r~.soz~rce ~gv~5~f~x~,~2:.~ ~:~ ~¢~Mfull operating and cap-

~ ....... " .-::: ....:. water is needed to
ate the..~.,, b~r tvhich ~qi~ r.,.9 ~:.:~¢~- .2;~ maintain environmen-

chaIler~ges ~f ~he :~:~,;~ .~a:’~:=~;’~,~. tal quality? What level
of environmental

quality is enough? How much water should be
available and at what quality for the use of
future generations?

We present here a set of criteria for guiding
water-resource management. These sustain-
ability criteria constitute an ethic that helps
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Water And Sustainability

.̄... _ ¯ And Sustainabili v

E
ver since the Brundtland Commissionin many public policies, but are only useful to
Report (WCED 1987) and. the 1992 the extent that there is a political consensus on
Earth Summit in Rio popularized thetheir meaning.
concept of sustainabflity, there has Some analysts have tried to reduce the con-

been considerable confusion over exactly whatcept of sustainability to a mere indicator to
the term means and how to apply it. Whethermake it easier to measure and more amenable
the concepts of sustainability and sustainableto public policy debates. For instance, planners
development will have any significant lastingfor forestry and fishery resources long ago
effect on the real world, however, depends ondeveloped th’e concept of "sustainable yield"
their definitions. Without clear definitions, as a measure to help manage these resources.
these terms will simply be short-lived buzz- Other scientists have argued that single indica-
words destined to fade from popular rhetoric, tots are of limited usefulness since what is
This section attempts to make clear exactly really important is the sustainabflity of whole
what we mean by sustainability and lays out ecosystems consisting of humans intertwined
seven sustainability criteria that we think with many different species. These scientists
can usefully guide water management and argue that for the concept to be analytically
planning, useful, sustainability must include the concept

of maintaining the benefit flows from ecologi-

A. SUSTAINABILITY cal support services and natural resources

IN (]ONTI~XT
(Holdren et al. 1992).

At a simple level, sustainabflity means

Sustainability has both quantitative and qual-maintaining something undiminished
itative aspects. Like equity, sustainability over time, including natural resource flows,

can be a social goal - an end realized betweenecological goods and services, and human well-
people in civil society. For some, sustainabilitybeing. In part, sustainability is the capability
follows in the footsteps of other classic moral of human society to persist in a desirable way
terms such as liberty, equality, justice, free- into the indefinite
dora, solidarity, and others. Although these future, while at the Water is not only ~ssential to st~stain life,
moral concepts are difficult to define with same time maintaining but it also plays an integral role
mathematical precision, they form the basis ofthe ecological systems in ecosgstem sutzport, economic
substantial public policy. These are the ideasnecessary for human development, communitg wel!.being,
used in public debates to define the "good" survival (L~I~ 1994). and cultural vaJ~s.
society (Bellah et al. 1991). More broadly, this

Sustainabflity, in this broad sense, is not aapproach would require that sustainability
scientifically determinable concept. Its ulti- also include recognition of non-human values,
mate definition depends on public discourse such as the importance of other species, or
and on the practices of the institutions that ecosystems as a ~vhole.
society creates. Scientists and planners further Another way to characterize sustainability
this public discourse by exploring the implica-is through the concept of justice. Sustainabflity
tions of different interpretations of sustainabfli-involves justice among generations, species,
ty, but science cannot say that one particularexisting social groups, and geographic regions.
interpretation is the "correct" one for society. This broader interpretation of sustainabilityFor example, economists have developed the

explicitly embodies social and individual
gross domestic product ~GDP) indicator for values.
measuring economic welfare, but it is widely With respect to water resources, as with
Understood that GDP is not the same as socialmany other resources, sustainabflity has notwelfare and often conflicts with it in importantbeen clearly defined. Water is not only essen-Ways. These types of measures have been usedvial to sustain life, but it also plays an integral
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T4.~ dgj~,~e sz.~.r~{n~L’.~e ~.,t:.gter ~s~ ~ role in ecosystem sup-Action developed at ~e 1992 Ea~ Su~it,
the ~e of ~,~te~" that ~o~s th~ ~b~l~, po~, economic devel- devotes a chapter to ~eshwater concerns
of human sec~, ~o e~du~’a an~ fiou~4sh opment, communiW ~ !992). ~s "call to action" se~ as i~edi.

int~ th~ ~:ad~nite ~::~ z~,~r:~z~t well-berg, and culmr- ate objectives ~e inte~afion of ecosystem
unde~ining the ~nte~4W of ~he N vNues. How N1 requiremenm ~to water-resources manage-

hydrolo~cal cycle ~r the ecels~cal ~ese vNues, wNch ment, ~e safisNcfion of basic hum~ nee&,
~¢ste~ that depend on i~-. are sometimes con- ~e ~co~orafion of rafionM economic

flicfing, are m be pfi- approaches for human uses of wateg ~d
ofi~ed, which are m be sus~ined, and in whatdesi~, implementation, and evNuafion of
fashion, are questions ~at should be open mm~able water pm~ams ~ bo~ economic
public debate. In this repot, we define sustain-and sociM components.
able water use ~ the ~e of water that supports ~e criteria ~d goMs of ~ble 4 are
the ~li~ of hu~n so~eN m endure and flour- resMt of considerable ~Nog and ~NysN
~h into the i~finite ~mre without un&~ini~ academic, governmental, and non-governmen-
the intern of the hydrolo~aI ~cN ~ t~ ~o~- ~ interes~ working on CNffomia, national,
~I ~ste~ tMt @~ on it. and intemafionN water problems. ~fle ~ese

c~tefia ~ no doubt be ~er m~ed, ~ey
are presented here in ~e cont~t of C~ffo~

B. THE SUSTA ABILITY water plann~g to help s~ulate a new debate
C~TE~A and to offer some ~idance for leNslafive and

~xplicit cdteda and goals for ~e sus~inabil-non-govemmen~ actions in ~e ~ture. In p~.

i~ of freshwater resources have been ficulag ~ese criteria can pro~de the basis for
developed at the Pacific Institute and are pre-an Mtemafive "~sion~ for furore CMffomia
sented here in ~ble 4. ~ese criteria lay out water m~agement. ~ey are not, by ~em-
human and en~ronmen~ priorities for waterselves, recommendations for actions; ra~er
use, raking into account not o~y ~e nee& ofthey are endpo~m for policy - ~ey lay out
the cu~ent populations of CNifomia (or else-specific societal goNs that could, or should, be
where), but also ~ose of ~mre generations, stained. ~er ~e cdtefia am presented,
Agenda 21, the United Nations Pro~amme ofdiscusNon rams m iden@ing how much

water is required to
safis~ ~ese priorities

Table 4 ~d ~e Mtemafive
Sus~a~a~W Criteria ~ ~g~t~ approaches for reach-

ing ¯ ese goMs
1. A minimum water requirement will be guaranteed to all humans to maintain ~rough econo~c,

human health, recoil, educafiom

2. Sufficient water will be guaranteed to re,ore and maintain the health of al, and ~gulato~
means. ~fle debateecosystems. 5pedfic amounts will va~ depending on climatic and other conditions.
on how to a~n ~ese5e~ing these amounts will require flexible and dynamic management.
goals is unavoidable

3. Data on water resources availabiliW, use, and qualiW will be colle~ed and made (and is even desir-
accessible to all pa~ies, able), ha~ng a set of

4. Water quailW will be maintained to meet ce~ain minimum standards. These clear mNe~ ~l help
~andards will va~ depending on location and how the water is to be used. focus ~e ultimate

5. Human a~ions will not impair the long-term renewabiliW of freshwater stocks policy decisions.
and flows.

6. Institutional mechanisms will be set up to prevent and resolve confli~s over water.

7.Water planning and decision-making will be democratic, ensuring representation
of all affe~ed pa~ies and fostering dire~ pa~icipation of affe~ed intere~s.
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C. DISCUSSION OF THE meter per year) of potable water to satisfy

CRITER!A minimum human health requirements.
California’s annua! average water availability

1. Minimum Human and                  is about 70 times this amount.
Environmental Water Requirements

The first two criteria listed above set as prima-
ry goals the provision of a minimum amount
of water for meeting the essential needs of

Range Rangehumans and natural ecosystems. These ele- Purpose (liters per person per day) (gallons per person per day)
mentary goals, common to many different
interpretations of sustainability over the past Drinkin~ Water’ 2 to 3 0.5 to 0.8

requirements stated in the United Nations Sanitation Servicesb under 10 to over 75 2.6 to 20
Agenda 21, explicitly recognizing the standing :Bathing
of both humans and ecosystems (UN 1992).
For humans, insufficient access to potable ¯ This is a true minimum to sustain life.

water is the direct cause of millions of unnec- ~ A daily average of 10 gallons/person (40 liters/person) is considered adequate for direct
sanitation hookups in industrialized countries.

essary deaths every year (Hash 1993a). The ~ These values represent a societal minimum, not an absolute minimum, for moderately
provision of a minimum amount of fresh water industrialized countries.

to support human metabolism and to maintain
human health should be a guaranteed commit-No legal or institutional mechanism exists,
ment on the part of governments and water however, to guarantee even this minimum
providers. Similarly, ecosystems must be requirement to present and future generations.
guaranteed a minimum freshwater supply to The first criterion, therefore, guarantees access
restore, maintain, and protect vital services to this minimum water requirement to meet
and functions, the basic health needs of the entire population

In the past, there has been no difficulty of the state. As with the energy system, the
meeting minimum requirements for humans minimum water requirement should be avail-
in California, although this criteria is already able at lifeline economic rates. This basic right
being violated in many parts of the developingto water should only be guaranteed if it is
world. On the other hand, minimum water consistent with land-use and development
requirements have rarely been defined for goals; water should not be provided regardless
ecosystems~ and there have been severe eco- of geographical location.logical impacts to aquatic ecosystems as a While efforts have begun in California to
result (Gleick and Nash 1991, Nash 1993b, identify ecosystem water requirements, few
Thelander 1994). legal guarantees for water have been set and

The minimum amount of clean water there is little agreement about minimum water
required to maintain human health is quite needs for the environment. Existing protec-
low - approximately 5 gallons per person pertions include preservation of stretches of sever-day (20 liters per person per day) for drinkingal northern California rivers through the feder-
and food preparation (WHO 1971, NAS 1977).

al and state Wild and Scenic Rivers Acts, mini-
Practically all California residents have accessmum flow requirements in some river stretch-to that amount of water. Adding minimum

es, recent reallocations of some water from the
requirements for sanitation and cleaning raisesCentral Valley Project to the environment, andthis amount to about 20 gallons per person per

new standards to protect the San Franciscoday (roughly 75 liters per person per day).
Bay-Delta system.These minimum requirements are descrfbed in

In part due to the lack of clearly definedTable 5. A population of just under 49 million
legal water rights, many of California’s aquaticpeople ~ California’s estimated population
ecosystems have become severely threatenedin 2020 _ would thus require just over 1.1
or endangered. Overall, more than 650 speciesmillion acre-feet per year (about 1.3 cubic kilo-
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of plants and animals have been recognized by3. Water Quality Standards
the state or federal governments as threatenedDifferent uses require water of differing quali-
or endangered; 115 in California alone (DWR ties. As a result, water-quality standards for dif-
1994a, Thelander 1994). In the last couple of ferent purposes must be developed, and water
years, several have been added to the list, quality must be monitored and maintained to
including the Delta smelt and the winter-run meet these standards. Most of California’s
Chinook salmon, because of increasing pres-water is protected from contamination by
sures on California’s aquatic environment, federal and state regulations. These water-
Anadromous fisheries, in general, have suf- quality standards are supposed to ensure that
fered severe stress during low-flow years, suchpotable water is free from contaminants known
as have been experienced during seven of theto affect human health. At the same time, how-
past eight years (Nash 1993b). ever, water used for non-human consumption

Ultimately, minimum allocations of water need not be protected to the same standards.
for the environment will have to be made on aFor example, water used for many industrial,
flexible basis, accounting for climatic variabfli-commemial, or landscaping purposes could be
ty, seasonal fluctuations, and other factors, protected to a lower standard, with substantial
Management will have to follow an adaptive economic savings. Similar water quality crite-
model where decisions are to be reviewed fre-ria need to be developed for environmental
quenfly based on the latest information and water requirements. Some effort should go into
caution is exercised with respect to poss~le identifying these differences and developing
irreversible actions. The ecosystems for whichways of meeting various demands with water
water wil! be provided include both natural at appropriate levels of quality.
ecosystems where there is a minimum of

4. Renewability of Water Resoul~eahuman interference and ecosystems that are
highly managed by humans. Societal decisionsFreshwater resources are typically considered
will have to be made regarding the degree to renewable: they can be used in a manner that
which these ecosystems should be maintaineddoes not affect the long-term availability of the
or restored and the indicators by which to same resoume. There are, however, ways in
measure their health, which renewable freshwater resources can be

2. Data Collection and Availability made nonrenewable, including mismanage-
ment of watersheds, overpumping, land subsi-

If water planning and management are to be dence, and aquifer contamination. Water policy
democratic and effective, data on all aspects should explicitly protect against these irre-
of the water cycle must be collected and madeversible activities.
available in an unrestricted manner. At pre- Groundwater stocks are renewable on time-
sent, data on many aspects of California’s lines that depend upon the rate of inflow of
water supply and use are not collected and water, the rate of withdrawals of water, and the
when they are, are not widely available, geophysical characteristics of the aquifer. In
Very few data, for example, are collected some instances, overpumping of groundwater
in California on the condition of different - the extraction of groundwater at a rate that
groundwater basins, extraction amounts, exceeds the rate of natural recharge - can
current pumping practices, and recharge continue for some time with no adverse
rates. Similarly, water-use information is veryconsequences if the aquifer is permitted to be
sketchy or site specific, making actions for recharged during wet periods. Thus a short-
increasing efficiency or improving conserva- term nonrenewable use may still be compafi-
tion programs hard to plan and implement, ble with long-term renewability.
Information should be produced in reasonable Unfortunately, some forms of groundwater
time with reasonable resources, and it shouldpumping, in some regions, lead to the irre-
be shared between groups and the state, thusversible decline in the ability of a region to
enhancing the number of perspectives and store water in the ground. Excessive groundwa"
detail of information available, ter pumping in parts of the Central Valley arid
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coordinate whenever these kinds of land-use
decisions can lead to irrevers~le changes in
the hydrological cycle.

5. Institutions and Management

Criteria for sustainability are not only about
measuring appropriate biological or physical
indicators. They must also provide guidance
for the institutions that are to resolve conflicts
over water and deal with the unavoidable
uncertainties and risks in decision making.
The greatest debates over water in California
in the past several decades have focused on
how to reach particular goals. The water debate
must now be broadened to address the means
by which these goals are set. Accordingly,
sustainability criteria must also apply to water-
resources management, particularly to ensure
democratic representa-
tion of all affected

~e greatest debates over water inparties in decision
making, open and California in the ]ae~st sevaral decades

~ave focused an how to reach particularequitable access to
information on the goals. The water debate must now be

broadened to address the means byresources, and the
~hich these goals are set.~̄" ~: options for allocating

Groundwater pumps provide considerable water for California those resources.agriculture. For the most part, these pumps are not metered and
groundwater use is not monitored, leading to overdraft in many Water planning and decision-making inregions. (Courtesy of DWR.)

California today include a far wider range
Santa Clara Valley, for example, has led to of individuals and interests than ever before.
extensive land subsidence, which reduces theNevertheless, such participation is still far from
ability of wet years to fully recharge ground- complete, and the power of the three dominant
water aquifers. Estimates are that California’s interests, agriculture, urban users, and certain
Central Valley has lost over 20 million acre-feetlarge environmental groups, remains signifi-
(mat) of storage capacity due to compaction ofcantly greater than that of smaller rural inter-
over-exploited groundwater aquifers (Bertoldi ests, family farmers, minority groups, and
1992). To put this loss in perspective, the entireother users. Mechanisms to broaden their par-
storage capacity of all constructed reservoirs ticipation are needed. Ways must also be found
in the state is under 50 mar (DWR 1994a). to incorporate and protect the interests of
Overpumping of ground water in coastal future generations - a fundamental criteria of
aquifers can also lead to irrevers~le and sustainabflity as defined by the United Nations
unsustainable effects, including salt water in Agenda 21 (’UN 1992).
intrusion and the ultimate contamination of In addition to mechanisms to broaden
the entire groundwater stock, participation, institutional mechanisms need to

Surface waters can also be contaminated orbe set up to prevent and resolve conflicts over
lost through watershed mismanagement. For water. A wide range of institutional mecha-
example, animal grazing or excessive humannisms for resolving water disputes already exist
Use at high elevations can lead to fecal contam-in California, though their effectiveness varies
ination of surface runoff in mountain streams,greafly depending on the issue and the extent
Urbanization can lead to storm runoff that is of political manipulation and interference.lost to sewers rather than feeding streams.

The institutions of the future must not only beWater managers and land-use planners must more open and democratic, but must resolve
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conflicts over water in an equitable, prudent, provide some institutional guidance. As long
and fair manner, as the minimum needs are met, then all

Perhaps the greatest flaw with California’s remaining demands on water are acceptable as
existing water institutions is their failure to long as they do not impair the renewability of
adequately address issues of equity. Equity is the resource and as long as allocations are

a measure of the fairness of both the distribu-equitable between both present and future gen-
tion of goods and bads as well as the process erations. The criteria do not provide guidance
used to arrive at particular social decisions, for how to allocate these remaining demands
The sustainability goals in Table 4 explicitly -- rather they lay out guidelines for a process

incorporate institutional criteria for participa- of how to decide among conflicting demands.

tion and conflict resolution so as to ensure at Because these remaining demands often con-

least a degree of procedural equity that we flict, a higher degree of social value judgments
believe is necessary for sustainability. Some will be required to set standards or even decide
would argue that sustainability should be which demands should come before another.
defined narrowly so that questions of equity It is easier to agree and quantify minimum
are excluded. But from this perspective, standards for human health, which has some
sustainability could be achieved under other- biophysical basis, than it is to determine how
wise morally reprehensible conditions. For much water should be allocated for irrigation
example, the terrible health conditions in or for industrial use, but these decisions need
many parts of the world tied to inadequate to be made as well. In allocating water to these
water supplies are certainly "sustainable", other demands, guides such as efficiency and
but no ethical argument can be made for sus-equity will be needed.
mining them. Questions of equity overlap with The sustainability criteria are not meant
sustainabflity when trying to determine what isto be all encompassing. They help answer only

to be sustained, for whom it is to be sustained,certain questions for public policy and plan-
and who decides. In general, great disparitiesning. A few of the most pressing questions

in wealth, inequities in power between men outside the scope of the criteria include:

and women, and discrimination based on race,
ethnicity, or age can lead to conflicts that * How should distinct communities and

undermine attempts to achieve susminability, cultures be protected in the development
Thus, a fair political process is itself a neces- of water resources?
sary component of sustainabflity. * What should be the procedure if require-

ments for humans exceed the requirements

D. SUMMARY for the environment?

T he sustainability criteria presented in this ¯ How should the impacts of water resources

report provide a framework for prioritizing on the sustainabflity of other resources such

competing interests and for making decisions as soft and air be dealt with?

about water use. The first two criteria set out Is California water use sustainable today?
minimum allocations for humans and ecosys-

If not, why not? The following section
terns, which are to be satisfied before other discusses current California water use and
demands. In this respect, we follow a similarpolicies in the context of the sustainabflity
strategN of defining criteria for "basic needs" criteria presented above.
laid out by Agenda 21 of the United Nations.
As Toman (1992) suggests, art satisfy the
intergenerational social contract, the current
generation would rule out in advance actions
that could result in natural impacts beyond a
certain threshold of cost and irreversibility."

The sustainabflity criteria not only set
out quantity and quality requirements, but
they also set an upper limit to water use and
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F
or more than a century, water- approved in 1933, but the Great Depression
resources planning and developmentprevented the funds from being raised for
in California has been the domain of construction of the proposed projects. In 1935,
civil engineers. The prevailing ethic the federal government stepped in to construct

in California has been to plan for future growthwhat became known as the Central Valley
by building more dams, reservoirs, and canalsProject (Hundley 1992).
to transport water from areas of surplus to Shortly after World War II, the Division of
areas of deficiency. Not a drop of water was toWater Resources began the Statewide Water
be wasted by flowing to the sea. As the gover-Resources Investigation to update old plans.
nor of California, Earl Warren, said in 1945, The three phases of the investigation were a
’put every drop of water to work" (Dunning n inventory of water resources completed in
1993). With this ethic of supply expansion, 1951 ("Bulletin 1"), an assessment of the pre-
water planning became largely a technical sent and "ultimate requirements" for water in
exercise. This section traces the history of California published in 1955 ("Bulletin 2’),
water planning in California and its breakdownand the first "California Water Plan" released in
in the last few years, and it details the current1957 ("Bulletin 3").3 The Division of Water
state of water use in the urban, agricultural, Resources became the present-day Department
and environmental sectors, of Water Resources (DWR) in 1956.

Today, the DWR’s official mission is "to man-

A. HINTORY OF THE age the water resources of California in cooper-
ation with other agencies, to benefit the state’sCALIFORNIA WATER PLAN people and protect, restore, and enhance the

I n the struggles over California water policy natural and human environments." Its princi-
in the last half century, none has been as pal respons~flities are to deve!op and manage

contentious or momentous as those over the the State Water Project, update the California
California Water Plan. This Plan has kept Water Plan, assist local water agencies, educate
California on a particular path of developmentthe public, and provide flood control and pub-
- one that brought water and prosperity to lic safety. The Division of Planning is responsi-
the agricultural regions of the Central Valley, ble for the periodic updates to the Plan, and its
as well as quenched the thirst of booming staff "collects and analyzes statewide data on
southern California cities, surface and ground water, population, and land

Statewide planning for large-scale water and water use; estimates future water needs,
development began much earlier than with thesurpluses and deficiencies by major hydrologic
first California Water Plan in 1957. As early as areas; and identifies potential means of meet-
1874, a federal study proposed large, regional-ing future needs in each hydrologic area"
scale water developments (DWR 1983). The (Ito 1991).first statewide plan for California water
resources was carried out in 1920 by Colonel 1. The Original Plall
Robert Marshall, the chief hydrographer of the

The 1957 California Water Plan, also knownU.S. Geological Survey (DWR 1983). The first
as Bulletin 3, was a technical exercise in multi-

COmprehensive "State Water Plan" was commis-purpose planning.4 The Plan evaluatedsioned by the 1921 State Legislature and adopt-
supply, estimated current and future watered in 1931. Financing for this plan was
requirements, described existing and potential

bllt~’~el,n B.ulletin 3, the "ultimate" water requirement is that which "pertains to conditions after an unspecified,._~.,. ~ p noa of years in the ~ltnra whan l~nd n~e and water sunnlv develonment are at maximum and essenfiall
, Mu;~" . ;~ was recognized that this ultimate requirement depended on future changes in technology,

pu~U£speus srsP~uuS_~ pla.nn.ing was developed by water resource engineers to plan for projects which would serve multipleua as irrigation, flood control, and navigation.
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water problems, and proposed projects for comment, and public hearings. Table 6 pro-

development. It claimed to be an "ultimate" vides a comparison of the key points in the

and "comprehensive" plan, a "flexible frame-seven California water plans, For a comparison
work to be improved," a plan for "ordered of the plans’ 2020 water demand projections

development by logical, progressive stages," see Figure 3 and Table 6.

and a "supplement" to existing development. It
did not claim to establish economic feas~flity, 2. California Water Plan
only technical feasibility. With the completion Updates

of the first California Water Plan in 1957, DWRBulledn 160-66, the Implementation o]’the
Director Harvey Banks proclaimed that "the California Water Plan, reported on the changes
full solution of California’s water problems that had occurred since the publication of the

thus becomes essen- original Plan in !957. The base year for the
With the compIetio;.~ of the first tially a financial and study was 1960 and projections of water

Califor~ia Wazer Plan in 1957~ DWR engineering problem""requirements" were made for 1990 and 2020.
.Dire~tor I-tan~ad Ba~des proclaimed that (DWR 1957). Bulletin 160-66 projected very high future

"t~,e fid~ ~olutio~t of California’s water In the late 1950s, water requirements based on the 45 percent
problems thus becomes ~ssent~aH’.d a the problem of water increase in population between 1950 and 1960.
f!,na~cial and ettg~neerit~g problem.’: in California was Extrapolating for the year 2020, California’s

viewed as "critical," population was projected to be 54 million.
with water considered the limiting factor in By the time Bulletin 160-70, Water ]’or
California’s future development. There were California: The Cali]"ornia Water Plan, Outlook in
floods; population growth portended "water 1970, was published, future water requirements
deficiencies" in many parts of the state; and were revised downward to reflect a slowdown
groundwater was being overdraffed. The Planin the rate of population growth. The base year
identified areas of "water surplus" and conclud-was 1967, with projections again to 1990 and
ed that there would be adequate water for 2020. This report reflected the first sensitivity
future development as long as the projects to environmental concerns, mirroring the dra-
proposed by the Plan were butt to transport matic national gains in environmental aware-

water from areas of surplus to areas of deft- ness in the late 1960s. Nevertheless, the pmjec-
ciency. When all the available water was fion of continued growth remains key to this

harnessed for domestic and agricultural uses report. One of the greatest concerns expressed

or power generation, California would be in anin this report was that there may be insuffi-
"ultimate" state of development - a steady- cient cooling water to meet the expected
state equil~fium, demands of the large number of new nuclear

Since the original Plan was published, the power plants projected for the future.
DWR has updated Bulletin 160 six times. The update for 1974, The California Water
Updates were published in 1966, 1970, 1974,Plan: Outlook in 1974, departed from the previ-
1983, 1987, and 1994. Throughout the reportsous Bulletins by analyzing four alternative
are common themes of growth in urban and futures rather than a single projection. These
agricultural water use and a reliance on engi-scenarios were based on different assumptions
neering solutions to produce new facilities to of population growth, per-capita food consump-
accommodate projected demand. While the fion, foreign trade, per-acre yields of crops, and
language of the Bulletins changes over time toCalifornia’s share of national agricultural pro-
reflect the increasing sensitivity to economic duction. The slowdown in population growth
concerns and environmental values, the seen in 1966 had continued, and so the project-
agency’s analytical methods have remained ed rate of growth in urban demands for water
essentially the same for 40 years. In 1991, thewere again revised downward. Projected agri-

state legislature amended sections 10004 andcultural water demand, however, was greater.
10005 of the Water Code to officially require The underlying message of this Update was
California Water Plan Updates every five years,that "on a statewide basis, the California water
the release of a preliminary draft for public outlook is favorable. There are, however, areas
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facing distress and some uncertainties in the are fewer numbers and supporting data
future that will require corrective action." reported. The years for which demands are

Some of the projected problems include salin-estimated are 1980, 1985, and 2010. While

ization of groundwater and continuing ground-every Update except the first had used the

water overdraft. The Bulletin also discussed term "water demand," this one uses the term
how the environmental movement’s values "water use." Similar to Bulletin 160-83, options

"are highly qualitative, judgment oriented, andfor future water supply are discussed, but no

not readily adaptable to quantitative expressionspecific recommendations are made.

or economic dimensioning." The DWR’s
response was to "adopt a reasonable balance 3. The California Water Plan
between economic factors and subjective fac- in the 1990s

tots to provide opportunity for the economical-The 1983 and 1987 updates to the California
ly handicapped portion of society to increase Water Plan were ill received and largely seen
its level of economic affluence to a point as irrelevant to water policy. By the late 1980s
where it can partic- and early 1990s, val-
ipate in the natural

State water planners have been
ues among California

environment and planning for a future that now appeto’s
residents had changed ¯

esthetic amenities of increasingly unlikely and undesirable,
from supporting new

California." In other physical development
words, the major to preservation of
environmental concern expressed was how toinstream values, and political pressure had
make the poor rich enough to participate in halted the era of big dams. Despite this change,
the recreational opportunities afforded by planners continued to operate the same mod-
California’s environment, els to predict demand growth and talked of the

The fourth Bulletin 160, The California.Waterneed to build more dams and aqueducts to pre-
Plan: Projected Use and Available Water Suppliesvent a coming disaster. State water planners
to 2010, was not published until 1983. It defineshave been plarming for a future that now
itself as "essentially a technical report" and a appears increasingly urdikely and undesirable.
"user’s manual." The base year is 1980 with The latest update, released in November
projections at ten-year intervals out to 2010. 1994, represents perhaps a turning point in
The population projection is revised upwards California water planning,s Although it is more

a bit from the 1974 estimate but is still lowera reference document than a ~plan," the DWR
than the 1970 projection. Although a slowdowndid assemble a public advisory committee to
in irrigated acreage relative to historical trendsact as a sounding board for the planning
is admitted, irrigated acreage projections areprocess and the report’s structure. To its credit,
revised upward from both the 1970 forecast the DWR brought to the process some new
and 1974’s "most reasonable future" scenario,voices that reflect a broader spectrum of inter-
The basic outlook in this report is that while ests. As a result, the Update is easier to read
water supplies were sufficient in 1980, delaysand includes more information than any of the
in constructing projects "could cause wide- previous Bulletin 160s. Bulletin 160-93 includes
spread difficulties in the future," such as some limited economic analysis, a drought-
increased groundwater overdraft in the San year scenario, and a discussion of demand-
Joaquin Valley. No specific recommendationsmanagement options. Under this latest version,
were made in the report, water supply must be "reliable" for growing

The fifth Bulletin 160 appeared in 1987 populations, agriculture, and industrial devel-
as California Water: Looking into the Future. opment. Growth in demand will continue and
This Update is more polished than the others,can be partly met by "stretching" supply
but takes a broader, qualitative view of water through demand-side measures as well as by
events and issues in California. Overall, therebuilding some new water-supply projects.

s See Loh 1994 for an in-depth analysis of the DWR’s most recent statewide planning process.

32

D--04561 3
D-045613



Where Are We: California Water Today

Despite this consideration of demand man-management and inefficient use will become

agement, the basic approach taken by the less and less tolerable. On the positive side,

DWR in the latest Plan Update remains largelymany changes can

the same as in the past, and the projected easily be made to
Even with California’s extensive water

"gap" between demand and supply in the yearimprove the efficiency
infrastructure, our cities can no

2020 remains large. Projections of future of water use in homes,
demand are still made without supply con- businesses, and indus- longer look outward for water, but must

straints, and unsustainable practices, such astries, and these
instead begin looking inward.

groundwater overdraft, are implicitly assumedchanges can have pos-
to continue. There is very little vision of whereitive effects on
the state should be heading and how we mightlifestyle, the econo-
get there, my, and California’s

water situation.

B. URBAN WATER USE TODAY    Urban waterrequirements include

M ore than ninety percent of California’s      the water used for all
population lives in an urban setting, withresidential, commer-

over 80 percent living in metropolitan areas ofcial, industrial, and
one million people or more (Bank of Americagovernmental needs.
1995). This growing population is increasinglyAccording to the
competing for water traditionally used else- DWR, applied urban

Major artificial reservoirs, such as Clair Engle, are heavily drawnwhere. To meet urban needs in the past, dams,water used for 1990 down during drought. (Courtesy of DWR.)
aqueducts, and pipelines were built to bring totaled 7.8 million
water used by natural ecosystems and rural acre-feet (mar), about one-fourth the watercommunities to the cities. This supply-orientedused by the agricultura! sector and only 11 per-
growth philosophy is now changing. For eco- cent of the total storewide applied water use.6
nomic, environmental, and social reasons, The biggest urban user, as reported by the
urban water planners have begun to re-evalu-DWR and as illustrated in Figure 4, is the resi-
ate their mission and to look for new tools in
their search for reliable, safe water supplies.
Even with California’s extensive storewide
water infrastructure, our cities can no longer Figure 4
look outward for water, but must instead begin 1990 Applied Urban Water Use, by Sector
looking inward.

Beginning in 1987, California entered one of
the most severe droughts in recorded history.
For six years, average runoff dropped almost in ~.=::~ Residential
half, the state’s largest reservoirs were drained

~ ¢ommmercialnearly dry, and water users found themselves
facing a bleak future. The drought produced Industrial
criticism and re-evaluation of nearly all forms

[] Governmentalof water use, from agricultural practices to
environmental water uses. The drought also [] Unaccounted
prompted planners to reassess the manage-
ment of urban water resources, focusing on
policies to improve urban water-use efficiency.

Source: DWR 1994a.If the use of water in metropolitan areas con-
tinues to rise in the future, as anticipated, mis-

s _All .figures drawn from the DWR’s 1990 estimates are "normalized’ by DWR, not "actual." They represent what demand
~:~uld h.ave been had it been an average water supply year rather than a drought year. Thus actual figures for !990 are~¢er than DWR’s because of conservation efforts and cutbacks to agricultural users.
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Total Residential Residential Per-Capita Residential
Population Applied Water Usea Applied Water Use Applied Water Use

Region (millions) (thousand acre-feet) (gallons per person per day) (as a percent of total urban)

North Coast 0.6 92 137 52
San Francisco 5.5 650 106 54
Central Coast 1.3 160 112 60
South Coast 16.3 2,260 124
Sacramento River 2.2 420 169 56
San Joaquin River 1.4 340 216
Tulare Lake 1.5 340 202 67
North Lahontan 0.1 t8 ¯ 160 ’
South Lahontan 0.6 120 175 63
Colorado River 0.5 190 336
California Weighted Averageb 137 59

a The column total residential applied water use b the product of the regions" per-capita water use multiplied by the regions" 1990 population.

eThe residential per-capita weighted averag was calculated by dividing the total California applied residential water use by the 1990 state’s population, and con-
verting to gallons per person per day. DWR (1994a) variously estimates residential applied water use to be between 57 and 59 percent of total urban water use.

Source: DWR 1994a.

dential sector (57 percent), followed by the dential per-capita water use is approximately
commercial (18 percent), industrial (9 per- 137 gallons per day, but varies tremendously
cent), and governmental (6 percent) sectors from region to region. The range spans a low
(DWR 1994a). DWR water use data show that of 106 gallons per person per day in the San
total urban water use has been increasing Francisco region to a high of 336 gallons per
steadily. In 1972, urban water use was estimat-person per day in the Colorado River region,
ed to be 5.0 maY, rising to 5.8 mafby 1980, andas illustrated in TaMe 7. By the year 2020,
then to an estimated 7.8 mafby 1990. Urban based on the DWR’s water-use projections and
water use is projected in the latest DWR 160 population estimates, total residential water
series water plan to rise by an additional 60 use will have increased from 4.6 mar to 7.5 rnaf.
percent by the year 2020 to 12.7 mar, mostly Residential water use includes both indoor
due to increasing population (DWR 1994a). and outdoor demands and is influenced by

numerous factors, including climate, type and
1. Residential Sector density of housing, income level, and kinds of

water-using appliances. Family size, metering,
According to DWR data, California residents and water costs also influence household and
used about 4.6 mafin 1990, up from 3.5 mafinper-capita water use. Climate and weather
1980. Estimates are that the residential sectorconditions have substantial impacts on outdoor
used between 57 and 59 percent of the total water use, most of which is for lawn and gar-
urban water demand in 1990.7 Statewide, resi- den irrigation. As temperatures increase, water

~Actual residential water use estimates in DWR’s Bulletin 160-93 vary from 4.4 to 4.6 million acre-feet, reflecting an
inadequate data base. We estimate residential water use to be closer to 4.6 million acre-feet when more detailed
regional data are used. This is 59 percent of total urban water use-slightly higher than DWR’s estimate of 57%
(DWR 1994a, page 153) or 58% (DWR 1994a, page 154).
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use more water on a per-capita basis than
those with lower income. Increases in income
often result in the purchase of additional
water-using appliances and additional land-
scaping, which cause residential water use to
rise. For example, some studies have shown
that in single-family households, a 10 percent
increase in income is associated with a three to
six percent increase in water use (DWR 1994b).
Higher-income communities also often choose
to support water-using activities such asMaintaining lawns in semi-arid environments can be water-

intensive, especially if watering is done improperly, municipal irrigation in lawns and golf courses.
(Courtesy of DWR.) These kinds of data can help identify where
use rises. Conversely, the greater the rainfall,water savings might be found and the role of
the lower the water use.a Higher-density devel-economic factors in generating those savings.
opments and multi-family units generally use
less water per resident than do single-family 2. Industrial Sector
houses. In large part, this is due to outdoor Producing the goods we use in our everyday
water uses. Apartments and other multi-familylife - from clothes and computers to food
dwellings such as condominiums normally useproducts, paper, plastics, and televisions -
less water, on a per-capita basis, but their waterrequires large amounts of water. Producing
use also varies greatly depending on climate,one ton of paper with commonly used prac-
lot size, the extent of landscaping, and other rices can consume as much as 700 tons of
variables. In 1985, the estimated average reel-water. Making a ton of steel can take 280
dential water use in southern California for a tons of water (’Postel 1992). Brewing a gallon
single-family unit was 384 gallons per day, orof beer may take as much as 170 gallons of
128 galIons more than a multi-family unit water for processing, cooling, and other uses
(Dziegielewski et el. 1991). (U.S. Water News 1994a).

Comprehensive data on industrial water
use in California are often not available or are
contradictory. No overall survey of industrial
water use in the state has been completed
since !982, and the data in that report are from
the late 1970s (DWR !982). In 1979, the indus-
trial sector used about 920,000 acre-feet of
water -- 14 percent of total urban water use.
The six largest water-using industries, in order
of total water use, were food and kindred prod-

..... ~-~,~:::~ ,~� ucts, petroleum and coal products, lumber and
Many urban water uses can be wasteful when water is scarce,

wood products, paper and allied products,(Courtesy of DWR.)
chemical and allied products, and stone, glass,

Table 3 shows a breakdown of 1990 and clay products. These six industries used
California residential indoor and outdoor 76 percent of all industrial water, but produced
average per-capita water use. These end-use only 30 percent of total industrial revenue.
estimates are based on DWR’s 1990 dism~ution(See Figures 5 and 6.)of indoor and outdoor water use and can be

By 1990, the DWR estimated that water useUsed to forecast potential savings from differ-
in the industrial sector had dropped to aboutent technologies and practices.
620,000 acre-feet (or 9 percent of total urban

Individuals with higher income generally water use) - representing an absolute decline

~ A Study of southern
(i.e, those uses that California water agencies found that 28 percent of total residential water use was seasonal

vary from month to month in response to weather conditions) (Dziegielewski et ai.1990, 1991).
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Figure 5
7o California’s Largest ~ndustrial Water Users and

Their Contribution to th~ Gross State Product (1979)a °~:~: ’~=

~ 50 ~ ~’:~’~

0
Food & Kindred Lumber & Wood Paper & Allied Chemical & Allied Petroleum & Stone, Glass & Remaining

Products Products Products Products Coal Products Clay Froducts Industn’es

[] Industrial Water .~ Contribution to GSP

a The manufacturing sector represented approximately 19 percent of 1979 Gross State Product. Source: DWR 1982.

Figure 6
California’s Largest Industrial Contributors to the Gross

so State Product and Their Water Use (1979)a

45

40

¯ ~ 30

0
Elec~cal Transition Ma~ine~ w/o ~d & Kindr~ FabH~ ~oleum & R~aining

Ma~ine~ & Equipment Ele~ical Pr~u~ Meal Produ~ C~l ~odu~ Indus~i~
Equipment

~ Industrial Water      ’ Contribution to GSP

a The manufacturing sector represented approximately 19 percent of 1979 Gross State Producg Source: DWR 1982.
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of 300,000 af from 1979 (DWR 1994a, 1994b). River region raises the percentage to more

During the same period, total gross industrialthan 80 percent. On a per-capita basis, corn-

production rose 30 percent in real terms mercial water use in California’s hydrologic

(DOF 1994). In 1979, on an industry-wide regions is relatively uniform, with the excep-

¯ level, it took an average of 1I acre-feet of watertion of the Colorado River area with an unusu-

to produce a million dollars of industrial out- ally high commercial per-capita water use of

put. By 1990, this figure had dropped to under127 gallons per day, most likely due to substan-

six acre-feet. WhiIe details explaining how thistial outdoor water use.
improvement in industrial water-use efficiency Water use in the governmental sector now

occurred are sketchy, two important trends arestands at about 6 percent of total urban use.

evident: (1) an improvement in the efficiency
with which water is used by many of the
industrial sectors, and (2) a shift in the indus- Table 8
trial structure of the state away from water- Improvements in Industrial Water-Use Efficiency:
intensive industries. These changes were 1985 to 1989
partly driven by new water-quality standards,
the cost of water, the cost of treating waste- Standard Industrial 1989 Water use index
water, and technological improvements.

Classification Code Industry Group (1985 = 100)

Between 1985 and 1990 seven major indus- 285 I~int 46

communications, and motor vehicles) showed 371 Vehicles 57

declines in annual water use. Six of these 203              Fruits and Vegetables               61

industries increased their economic output at
Source: Wade et ~l. ~99L

rates substantially higher than the rates at
which water use increased (meat, bakery, and
foods, metal cans, computers, computer com-Although DWR has recently made an effort to
ponents, and missiles/space), clarify and standardize all urban classifications,

it acknowledges that the commercial and
3. Commercial and governmental water use estimates frequently

Govern_mental Sectors overlap (DWR 1994b).
Water use in the commercial sector grew from
14 percent of total urban water use in 1980 to 4. Reclaimed Water Use
17 percent in 1990. Although water use figuresThe vast majority of urban water use ends
in the commercial sector are supposed to up down the drain. This water goes either to
exclude governmental water uses, classificationwastewater treatment plants or ends up in
methods used by some water agencies corn- local septic systems, where it sits before perco-
bine commercial and governmenm! categories,lafing to groundwater. In recent years, there
Thus, a standardized SIC grouping to descnq3ehas been an increased interest in capturing
water use in this sector would be extremely and treating wastewater. Drought conditions
useful. Table 9 provides a breakdown of 1990 limiting supply, environmental problems with
commercial applied water use by hydrologic sewage disposal, and growing demands, have
region, all made water reclamation more appealing

Because of population concentrations, two in urban areas.
of the state’s ten hydroIogic regions - the Reclaimed water can be used to recharge
South Coast and San Francisco -- account for groundwater aquifers, supply certain industrial
OVer 70 percent of the total commercial water processes, irrigate certain edible or ornamental
Use ia California, and adding the Sacramentocrops, or fulfill other purposes. At present,
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Total Commercial Commercial Per-capita Commercial
Population Applied Water Usea Applied Water Useb Applied Water Use

Region (millions) (thousand acre-feet) (gallons per person per day) (as a percent of total urban)

North Coast 0.6 27 39 15

San Francisco 5.5 260 42 22

Central Coast 1.3 44 30 16

South Coast 16.3 690 38 18

Sacramento River 2.2 130 51 17

San Joaquin River 1.4 39 25 8

Tulare Lake 1.5 51 30 10

North Lahontan 0.1 9 80 19

South Lahontan 0.6 24 36 13

Colorado River 0.5 7i 127 ~. 22

California Weighted Average 40 17

Total California Applied 30.0 1,345 ¯

Commercial Water Use .....

e The total commercial applied water use column is the product of the regions" per-capita water use and the regions" 1990 population.
b The commercial per-capita applied water use column was calculated by multiplying DWR’s 1990 total urban applied water use by the commercial percentage.

DWR (1994a) variously estimates commercial water use between 17 and 18 percent of total urban water use.
Source: DWR 1994a.

Decorative uses of potable water in commercial or municipal
settings can also be wasteful, because of evaporative losses.

(Courtesy of DWR.)
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according to a 1993 WateReuse Association of

california report, 48 percent of the reclaimed Figure 7

water being used goes to recharge groundwater ~ 990 Uses of Reciaimgd ’~Vater

aquifers. 3wenty-one percent of the reclaimed
water is used for agricultural irrigation and 12
percent for landscape irrigation. The environ-
mental sector, despite being a prime candidate ~ GroundwaterRecharge

for reclaimed water use, uses only eight per-
cent, with the remaining 11 percent of the l Agriculturallrrigation
reclaimed water meeting a variety of other

needs (WateReuse Association of California [] LandscapeIrrigation
1993)(see Figure 7).

A paucity of reliable, current data makes
[] Environmentalan accurate determination of the total amount

Uses

of water currently being reused in California
difficult. For example, reports from the

[] Other U~es

Department of Water Resources (DWR 1994a,
1994b) estimate statewide reuse at 384,000

These data come from WaterReuse (1993). Several other statewide studies have been
acre-feet per year, citing the 1993 WateKeuse released in the last five year~, finding substantially different proportions of water reuse.
Association report mentioned above For example, a State Water Resources Control Board study released in 1990 reported that

(WateR, use Association of California 1993).
in 1987 agricultural water use accounted for 63 percent of total reclaimed water in the
state followed by groundwater recharge with 14 percent. Another surveytitled Water

No updated statewide estimates for water Recycling 2000, which was released in late 1991, found that agriculture used 53 percent
of all reclaimed water while groundwater recharge accounted for21 percent. The

recycling have since been released. Moreover, discrepancy in result~ between the ~udies can be attributed to a number of factors,
these numbers come from a study that including poor response rates in certain regions and varying definitions of water reuse.

acknowledged poor survey response in certain
r~gions, particularly the Central Valley.

Adding newer data from those regions, we aquifer. For example, in the case of the West
Basin of Los Angeles County (which covers theconclude here that by the end of 1995, water

reuse in California is likely to be between coastal area from Inglewood to the Palos

526,000 and 665,000 acre-feet per year. At theVerdes Peninsula), more than 500 parties were

same time, however, we estimate that more overpumping groundwater by the early 1940s.

than 2 million acre-feet of potentially usable Wells along the coast were becoming increas-

water is still being discharged into the oceans ingly saline. Several other basins in the Los

every year after being treated. Angeles area faced similar situations. In these
cases, local n~gofiafions and litigation eventu-
ally lead to solutions to groundwater overdraft.

5. Urban Groundwater Us~ K~y steps included the gathering and public
In 1990, groundwater supplied about seven release of information about pumping rates
percent of net urban water demands in and safe yields, the formation of basin associa-
California (Solley et al. 1993). Although mosttions, and the clear adjudication ofwhter fights
f the state’s groundwater overdraft occurs (Ostrom 1990).0 ~

in agricultural areas, some urban areas still Currently, there am several forms of ground-
pump groundwater at a rate faster than it is water management in the state. Thirteen basins,
replenished (DWR 1994a). Overdraft can leadincluding the West Basin, are regulated by court-
to seawater intrusion into the aquifer, degrada-appointed water masters. With one exception,
tion of water quality, and the permanent all of these basins are located in southern
reduction of groundwater storage capacity California. Nine agencies or groundwater man-
through land subsidence, agement districts have been established. Three

Urban overdraft can occur because of poorlyother districts manage groundwater through
defined water rights, a lack of coordination charges on pumping. These examples of suc-
among groundwater users, and uncertainty cessful local groundwater management show
regarding the physical characteristics of the that overdraft problems can be eliminated.
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C. AGRICULTURAL WATER problems. Even though the industry as a Whole

USE TODAY generates large amounts of revenue and profit,
there are extreme disparities in wealth, mea.

Any vision of future water use in Californiasured in different ways. There are"pockets of
/ .tmust consider the future of both agricul- poverty" scattered throughout agricultural
ture and the closely related communities regions. For example, unemployment in the
and industries that depend on agriculture. Central Valley in 1989 was about eight percent
California agriculture plays a special role in while for California as a whole it was only five
the nation’s food production. With less than percent (Kroll et al. 1991). In towns such as
three percent of the nation’s farmland, Mendota on the west side of the San Joaquin
California’s highly productive central and Valley, a quarter of all households are on wel-
coastal valleys produce more than 11 percentfare as compared to nine percent for the state
of total U.S. agricultura! revenue. California as a whole (Bancroft 1993).
grows more than 200 crops, and produces moreAgriculture in California is more commer-
than 90 percent of the following crops grown cial and corporate than the rest of the country.
in the U.S.: artichokes, processed tomatoes, Of California’s 82,000 farms, 2,816 farms (or
almonds, apricots, dates, figs, grapes, kiwifruit,3.4 percent of all farms) each produce at least
nectarines, olives, pistachios, and walnuts $1 million in annual revenues, accounting for
(DOF 1993). In 1990, even under drought con-over 2/3 of total production. Farms with less
ditions, half of all U.S. vegetables and fruits than $100,000 annum revenues (66,000 farms)
were produced in California (DOF 1993). comprised only 1/20 of all production
This bountiful harvest is highly dependent on(Villarejo and Runsten 1993).
the supply of irrigated water. Thirty percent Hired labor outnumbers family farmers four-
of California’s 30 million acres of farmland, to-one (Carter and Goldman 1992). Due to the
and nearly all of the harvested cropland, are seasonal nature of agricultural work, more
irrigated - three times the U.S. average, than 90 percent of farm workers piece together

Agriculture deserves special analysis here numerous different jobs over the course of a
not simply because of its historical role, but year; less than 10 percent of seasonal farm
because of its integral connection to Californialabor is performed by those who are only in
water resources. Agriculture accounts for overthe labor market for part of the year (Villarejo
three-quarters of the net societal water demandand Runsten 1993). About 40 percent of agri-
in the state (DWR 1993). As an industry, agri- cultural laborers migrate during part of the
cultural revenues in 1990 were $18.6 billion, season Orillarejo and Runsten 1993). Over
which accounted for 11.1 percent of total U.S. 90 percent of farm workers are foreign born,
farm income and less than four percent of the majority being from Mexico and Latin
California’s GDP (DOF 1993). According to oneAmerica. Increasing numbers of workers are
study, agricultural and related industries indigenous peoples arriving from the southern
account for about nine percent of Gross State Mexican state of Oaxaca and other Central
Product (GSP) and 10 percent of the total jobsAmerican countries.
in the state in 1989. In the Central Valley, the
impact of agriculture and related industries is
much higher, accounting for 27 percent of the 1. Crop Production
region’s gross product and 29 percent of jobs Considerable detail on California’s agricultural
(Carter and Goldman 1992). sector is available in a wide variety of publica-

Agriculture is not as mobile as other indus-tions (e.g., DOF 1993, CASS 1993, and DWR
tries. Soil and climatic conditions in California1994a). In 1990, over 9.5 million acres of crops
allow for a level of agricultural productivity were irrigated and some of these acres were
difficult to achieve elsewhere. More import- double- or even triple-cropped each year
antly, agriculture is vitally tied to the well- (normalized data, DWR 1994a). Tables 10 and
being of many rural communities in the state.11 provide data on irrigated crop acreage and
Communities that have been created aroundproduction for major crop types for 1960,
the agricultural industry have a set of unique1980, and 1990.
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1960 1980 1990
Irrigated Crop Thousand Acres Irrigated Crop Thousand Acres Irrigated Crop Thousand Acres

Pasture 1,521 Cotton 1,545 Other Trucka 1,376

Affalfa 1,230 Grain t,485 Cotton 1,244

Grain 1,067 Other Fieldb 1,108 Alfalfa 1,134

OtherTruckal ~ ..... 920 Pas’oJre 1,041 Other Dedduuusc 1,080

Other Field b 817 Alfalfa 986 Grain 988

Cotton o’ . ~ ih~12~ ~ ’ = OtherTrud~ 969 ’ Pasture 955
Other Deciduousc 687 Other Deciduous~ 943 Other Fie{db 894

Rice 374 Rice 545 Rice 517

Sugar Beets 170 Sugar Beets 210 Sugar Beets 216

Calif~r~ia!TOta. I ’... ~!iI’’ ~1374 ........ " .Cal~omia Total 9,924 California Total 9,g7i ~’

a Includes tomatoes.
b Includes corn.
~ Includes almondlpistachios.
Sources: DWR 1966, 1983, 19948.

ThOUsallfl Acres Percent Change Percent Change
Irrigated Crop 1960 1980 1990 1960 to 1990 1980 to 1990

Grain 1,067 1,485 988 -7.4 -33.5

Cotton 812 1,545 1244 53.2 -19.5

Corn with other field 442 403 N/A -8.8
Other Reid 8i71.- i. - 656,. - 491 9.4a -26:3
Alfalfa 1,230 986 1,134 -7.8 15.0
Pasture ~ ~

~1,52i i~04! 955 -372 . ~83 ~
Tomatoes with other ~ck 221 352 NIA 59.3
Other Truck 920 748 1,024 49.5b 36.9
Almonds/Pistachios with other deciduous 407 510 N/A 25.3
Other Deciduous 687 536 570 573c 6.3
Subtropical 330 409 419 27.0 2.4
Vineyard 447 683 748 67.5 9.5

California Total 8,374 9,924 9,571 14.3 -3.6
~ ~ndudes corn for 1990
~ .ncludes tomatoes for 1990.includes almonds and pistachios for 1990.
$OUrce~: DWR 1966, 1983, 1993.
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The most dramatic trend shown by these agricultural crops. In San Diego County nuts-
tables is the increase in production of fruits ery and flower products - capable of paying
and vegetables over the last two decades, relatively high prices for water - are the
During this period, vegetable out-put increasedleading agricultural commodity. As some areas
almost 100 percent, and tree fruit volume of the state rapidly urbanize and replace farm.
increased over 40 percent (Vfllarejo and land, the growth in demand for horticultural
Runsten 1993). This shift into more labor- products has increased.
intensive and high value crops has been

2. Agricultural Water Useaccompanied at the same time by a shift away
from field crops. The move towards fruits andIrrigated agriculture in California applies near-

vegetables has been ly 30 million acre-feet of water per year, from
~ .~:. ~ ’~. ¯ ....... driven in part by both surface and groundwater supplies (DWR

,~:::: ~"~’:.i~ "~:~:~ * :’~’~.::~.. : increasing American 1994a). Furrow and flood irrigation are used on
< "~ " "! ’ ~ " demand as well as half of this land; sprinklers on 35 percent, and, . - .~.~,. ~:::

:,~ expanding markets highly efficient drip and microsprinkler tech-
.:~::.:.. abroad for fresh fruits niques on about 10 to 15 percent of the land

and vegetables. In (Sunding et al. 1994).

1989, U.S. per-capita Water requirements for different crops
consumption of fresh vary tremendously, depending on crop type,
vegetables was 101 soil and climatic conditions, and irrigation
pounds per year methods. Some crops are very water intensive;

Major irrigation pumps taking water from the Sacramento River. compared with only others require much less water. Figures 8 and 9
(Photo: V. ~leicg~

72 pounds per year provide selected revenue and water use esti-
twenty years earlier mates by selected crop type. As these figures
(Villarejo and Runsten illustrate, certain crops are very water-inten-

..... . 1993). About half of sive from an economic point of view.
the growth in fruits These disparities lead to enormous differ-
and vegetables is ences in water productivity. (Sunding et al.
accounted for by 1994) have estimated that the least productive
expansion of acreage 20 percent of irrigation water in terms of farm
while the other half is value produced less than five perc.ent of total
due to an increase in agricultural revenues. Most of this water goes

crop yields (Villarejo to produce alfalfa hay and rice with flood

and Runsten 1993). irrigation. Conversely, the top 20 percent of
The livestock water produces nearly 60 percent of total farm

industry shows a revenue. (See Figure 10.) These data alone
Sprinkler irrigation in Hesperia, California. (Courtesy DWR.) similar shift in the suggest that crop substitution and changing

last twenty years patterns of irrigation can produce substantial
away from grazing water savings. Under certain conditions,
towards more inten- net farm revenues could b~ expected to rise

sire production of significantly while total water use drops. These
: dairy products, poul- scenarios are explored in more detail later.

try, and eggs. The

fastest growing part of 3. Groundwater Use in
California agriculture Agriculture

is the nursery and Groundwater use is extremely important for
greenhouse crop California agriculture. Substantial volumes of
sector. Ornamental water are pumped from aquifers during the
horticulture produces growing season to either supplement surface
the highest value out- deliveries of water, or to provide irrigation

Flood irrigation is an inefficient way to bring water to crops put per acre of all water when limited or no surface supplies arebecause of the high evaporative losses. (Courtesy of DWR.)
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available. Much of this groundwater is the short term may be sustainable if the
recharged during the wet seasons and long- groundwater tables are replenished in wet
terr~ withdrawals can be sustained ff careful years, these estimates are for permanent aver-
management is maintained, age overdraft - an unsustainable practice for

According to DWR estimates, yearly net several reasons, including land subsidence and
groundwater extractions total about 8.5 mar inaquifer contamination.
an average year and over 13 maf in a drought Subsidence can occur where the land
year (DWR 1993).9 Gross groundwater extrac- surface compacts and permanently lowers
tions may be as high as 15 maf (DWR 1993), the storage capacity of the aquifer. In some
but lack of adequate monitoring data hinderslocations in the San Joaquin Valley, land
accurate estimates. At present there is no levels have fallen as much as 28 feet (AFT
statewide system to monitor and regulate 1989). According to estimates from the U.S.
groundwater use. Currently, only 13 out of 115Geological Survey (Bertoldi 1992), land subsi-
major groundwater basins have formal man- dence due to groundwater overdraft in the
agement structures in place, and only nine Central Valley had already led by 1979 to
groundwater management agencies have beenthe permanent loss of 20 million acre-feet of
formed (DWR 1993). Only 37 percent of major storage capacity. This old estimate needs to
groundwater basins have any form of manage-be updated.
ment activity at all. State legislation (e.g., Extended periods of overdraft can also result
AB3030 The Groundwater Management Act ofin the degradation of groundwater quality. Salt
1992) now allows local public water agencies towater intrusion - the inflow of sea water into
adopt groundwater management plans, coastal aquifers due to declining fresh water
Current methods of management include adju-levels - is such an example. In Los Angeles
dication, coordinated agreements, special dis-and Monterey counties, sea water intrusion is
tricts, and special act legislation (Neese 1994).already a problem. Overdraft can also acceler-

Some groundwater use poses a significant ate the movement of contaminants existing
sustainabflity problem where overpumping within an aquifer. Further, serious problems
occurs or where groundwater quality is threat-may arise when overpumping draws pesticide
ened by the nature or scope of the withdrawal,and nitrogen-laden groundwater toward wells
Groundwater in the Sacramento/San Joaquinpumping water for human consumption. These
Valley is often pumped at rates that exceed theproblems already exist in several counties in
rate of natural recharge. According to the DWR,the Tulare Lake region and other areas in the
annual groundwater overdrafting in the early Central Valley. While the ill effects of ground-
1990s amounted to about 1.3 mar annually, water contamination are not as permanent as
and will continue for the foreseeable future. Inthose of land subsidence, cleaning up ground-
the public draft of their long-term plan (DWR water pollution is both difficult and expensive.
1993), DWR estimated that in 2020 farmers Chemical contamination of aquifers due to
would still be overdrafting ground water by agricultural drainage is another ongoing, but
700,000 acre-feet per year, with an additional unsustainable, dimension of the groundwater
200,000 af per year of ground water being problem even when there is no overdrafting.
degraded in quality in the San Joaquin ValleyAgricultural drainage is a problem particularly
aquifers.1° Most of the overdraft occurs in the in the San Joaquin Valley, where large vo!-
Central Coast and Tulare Lake hydrologic studyumes of water applied for irrigation have
areas (HSAs), with continuing overdraft in theoccurred in an area with an impermeable clay
Sacramento River, South Lahontan, and layer. This layer makes a shallow groundwater
Colorado River HSAs. While such overdraft in table, necessitating the construction of

9 Net groundwater withdrawals represent the difference between extraction and return seepage and is a measure of

,, ~x~U.ndwater consumed. Gross groundwater extractions are total ground water pumped.
e_!.PhciflY, groundwater overdraft was eliminated from the final version of Bulletin 160-g3 by simply removing it from, ~umated water "sunnlies ~ As a result the already sizable ga~ between projected demand and suppIies was made
a~er, The final rep~o~rt ir~plies that groundwater overdraft ~vUi~l continue to be an important factor in meeting this gap,~ent Some unidentified substitute.
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drainage systems to keep groundwater tablesto disputes and conflicts over how to value
from coming too close to the surface where ecosystem health as opposed to agricultural
salts can leach out of accumulated irrigation production. There are many examples of
water. The drainage water is heavily salinizedpolicies that have developed water for irrigated
and in some areas contains concentrated levelsagriculture at the direct expense of California,s
of naturally occurring selenium and molybde-natural ecosystems, such as the damming of
num. These minerals are needed in trace the San Joaquin river, the disaster at
amounts, but when concentrated in drain Kesterson, and the operation of the pumping
water cause problems for wildlife. The plants in the Delta. Indeed, these conflicts
deformed birds found at Kesterson Wildlife are at the heart of many of the current debates
Refuge are testimony to the effects of seleniumover water in California and will have to be
poisoning (WEF 1991). These drainage relatedaddressed in any comprehensive future agri-
problems can also degrade soil quality - andcultural strategy.
ultimately crop yields -- if water is applied and
not drained.

D. ENVIRONMENTAL WATERThe drainage problems on the westside of
the San Joaquin Valley have been studied USE TODAY
extensively in the last decade. The San JoaquinIn an age before massive dams and aqueducts,
Drainage Program (1990) concluded that 75,000California’s rivers flowed uninterrupted into
acres of cropland should be retired by 2040, valleys, marshes, bays, and the ocean.
along with measures to improve efficiency to Numerous rivers, lakes, and wetlands expand-
reduce drainage, reuse drainage water, disposeed and contracted with the seasons. These
of drainage water, and better manage ground-bodies of water supported an abundance of
water use. The experience of some of these fish, game, and waterfowl, as well as numerous
districts has shown that tiered rate structures,other animals and plants. Increases in the
where growers pay a higher price for increas- human population over time have transformed
ing water use, can serve as an effective tool toCalifornia’s Central Valley from the "Serengeti
both increase efficiency of irrigation water useof North America" to the world’s most produc-
and drainage (Thomas et al. 1990, Wichelns tire agricultural region -- a transformation that
and Cone 1992). occurred with little concern for the natural

Pollution from agricultural run-off is a muchenvironment. The prevailing philosophy of the
harder problem to deal with. Groundwater time has been to dominate nature, rather than
aquifers are being contaminated with nitratesto understand and co-exist in harmony with it.
from fertilizer use, and many surface water The result of this prevailing philosophy has

supplies are still so been the sacrifice of much of California’s nat-
contaminated by agri- ural environment and biological diversity dueJ~..creases in the human popuiatio~.~ over

~me have tra~sformed California’s cultural chemicals to a variety of social and economic forces

Ce~’al Valley from the ’:Serer:get~ that they cannot be (Jensen et al. 1993).

a.f North America~’ to the world’s used for any other Ninety-five percent of California’s wetlands

most pr~3ductive a~qcultural region-- purposes. Pesticide have been lost. The state has lost more than

~x ~ransfbrmation that occ~:rred zv~th use also contributes to 90 percent of its riparian forests in the Central
I,.ittle respect or co~cer~ f~r the chemical contami- Valley, 80 percent of its salmon and steelhead

t~e ~atT~ra! enviro~me~t, nation of groundwater population since the 1950s, and 95 percent of
mentioned earlier, the anadromous fish-spawning habitat in the
For example, the soft Central Valley. No rivers are untouched by

fumigant dibromochloropropane (DBCP) was dams, reservoirs, or major water withdrawals
banned in 1977, but it has consistently beenfor human use, including those that now have
found in Central Valley wells (AFT 1989). protection under federal and state law

Finally, there are direct links between water(California State Lands Commission 1993).
for the environment and water for agriculture.Fish, considered to be excellent indicators of
Under current policies, these links often leadenvironmental conditions, have been badly
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affecte& According to the California State The Endangered

Lands Commission report, over two-thirds Species Act requires

0fthe 116 native California fish populations explicit actions to

have declined sufficiently to raise concerns, protect endangered
california has lost at least 21 naturally spawn-and threatened fish. "

ing Pacific salmonid stocks, and an additionalA_ud some innovative ~; ~:~::
39 are threatened. California State Lands approaches to inte-
commission 1993). This decline is indicative grate agricultural

of serious habitat degradation, as summarizedand environmental

in Table 12. concerns are being
How and why did California sacrifice so explored and imple-

?’he Suisun Marsh is the largest remaining wetland on the west
much of its natural environment? What social,merited, such as coast of the United States, (Courtesy of OWRJ.

economic and legislative factors are responsi- flooding rice fields
ble for these losses? Answers to these ques- during the off-season
tions are not only essential to preserving whatto provide waterfowl
remains of California’s natural environment, habitat, reserving
but to any effort to restore or enhance it as water for the environ-
well. Until recently, only a small portion of thement whenever water !;’:
water used by fish, wetlands, migrating birds,transfers occur, and
and other environmental factors was explicitlysetting water quality
included in state water management plans, and flow standards for
Instead, water for human uses was identified the fragile Bay-Delta
and allocated and whatever was "left" was system. Without such
implicitly assumed to be available for the creative and progres- Many of California’s wild salmon runs are extinct or threatened
environment. The result of this approach wassire policies, the with destruction. (Courtesy of DWR.)
that the environment over time received a revival of at least part
smaller and smaller share of the state’s limitedof California’s unique environment will not
water. The severe impacts of water shortages occur by 2020. (See the box: Summary of
on California’s natural ecosystems in the lastEnvironmental Water Requirements.)
several years are the direct result of these
policies (’Rash 1993b, Gleick and Rash 1991,
Thelander 1994): =

Several legal and TaN~ ~2
institutional mecha-
nisras have recently
been developed to try Pre-Settlement Current Percentage
to protect Califori’lia Estimates Estimates Lost

aquatic ecosystems Wetlands area in the Central Valley (acres)a > 4 million < 300,000 9~%

Sacramento/San Joaquin salmon populationb 600,000 272,000 55-%for those ends. The

protect some rivers in Riparian forest area in the Central Valley (acres)b 922,000 102,000 ~%
a relatively pristine

sources:coIldi~on, New wet- a California State Lands Commission 1993; Ducks Unlimited 1994a and 1994b. Of the remaining wetlands, 30 percent are within
latlds ~o~cJ.es ~ to the boundaries of National Wildlife Refuges and State Wildlife Areas, and 70 percent are privately owned and managed.
limit development on Nationally, 75 percent of the remaining wetlands are privately owned.

the ren~aining five ~    r,Califo nia State tand~ Commission ~3. Of the ~02,000 acres o~ riparian forest that remain, about haft are In a highly
degraded condition, rhe problem may be even worse, as reflected by the results when one uses the higher original riparian

Percent of California’s forest area estimate of 1.6 million acres (which means that we have lost approximately 94 percent), _

°~~rlal wetlands.
NIA = not available
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1. Wetlands
¯ ~ ’ " . : : : ~.~- ::-::~ ’ ’: ¯ Wetlands have historically been viewed as a

resource to be converted to more "productive,,

Wild and Scenic Rivers. The Federal and State Wild and Scenic uses. As recently as the 1970s, the federal

Rivers acts require that rivers that possess scenic, recreational, fishery, or Agricultural Stabilization and Conservation

wildlife values be preserved, in a flee-flowing condition for’the benefit ’ Services promoted drainage of wetlands

of the public. In 1990, Califorfiia used 27.4 million acre-feet of water to through cost-sharing programs with farmers.
Failure to quantify the real value of" thesemeet existing fishery agreements, water rights, court decisions, and con-
natural resources resulted in significant losses.gressional directives. The vast majority of this water was Simply water

left in legally protected northern California rivers. Three regions used Nationally, more than half of U.8. wetlands

more than 98 percent of this water -- the North Coast (18.8 million have been lost, with an average loss of about

acre-feet in Wild and Scenic Rivers), the san Francisco Bay (416 million 458,000 acres per year from the mid-1950s

acre-feet), and the Sacramento River (about 3.4 million acre-feet), to the mid-1970s, 290,000 acres per year from

Very little additional water Oust 300,000 acre-feet during an aqerage 1974 to 1983, and 120,000 acres per year

year.and 100,000 during a drought year) is currently allocated for from 1982 to 1991 (GAP 1993). As bad as these

instream use (DWR 1994a): .l°sses have been nationally, conditions in
California are even worse, with the state hav-

l~ndangered Species. The State and Federal Endangered Species ing lost approximately 95 percent of its wet-

acts set forth procedures for listing species as threatened or endan- lands O~mory 1994, ~T. Payne, Ducks Unlimited,

gered, and require that no actions be taken to ie0pardize the continued personal communication, !994). Migratory

existence of the species or habitat critical for ttiesurvival of the species, birds and waterfowl in California, which

The acts apply to government and private actions. Several recent listings depend on- these wetlands for food and habitat,

will require re-allocation of water to the environment, but no gt~od have declined from an estimated 60 million in

estimates of total amounts of water are available: New Congressional the late 1940s and 1950s to !2 million in the

actions may threaten these environmental protections. 1970s to just about 3 million in 1993.
Included in California’s original wetlands

I::entral Valley Project Improvement Act, The CVPIA requires, inventory were large areas of inland wetlands

among other things, that 800,(300 acre-feet (a0 Of CVP wat6r be in the Central Valley. These have been particu-

provided for fish and wildlife restoration and460,000 affor wildlife larly hard-hit by agricultural and urban devel-

refuges and habitat areas in the Central Val!ey (B0bker 1995), These opment along California’s 7800 miles of river~.

460,000 af represent an additional 200,000 af 6f water over the..
At least 80 to 90 percent o£ riparian habitat has

1990 level of water supply 6f thes(refiJge~; (DWW1994a): been eliminated, and the Iitfle remaining is
....... threatened by urban development (California

Wetlands. There.are approxicaately.300,000 acres of wetlands -- State Lands Commission 1993).
The "no net loss of wetlands" policy recent-state and federal refuges, pr ratewet, and pi4serves owned by nonprofit

organ!zations, and private duck �lubs-- remaifiing in Cafifornia ~., ~ ly adopted by federal and state governments

(California State Lands Commissioh 1993), The. I~wR. hope~ toadd an offers some hope that declines can be slowed

additional 225,000 acres of wetlands by :~010 (D~R i 994a). According. or halted. Though new efforts to permit

to DWR data,in 1990 applied water use for wetlands was 1.4 rnaf for increased destruction of wetlands are being

both average and drought years. Wetland water use, however, increases pushed in the 104th Congress, California’s wet-

on~y to 1.7 mar for both average and d~ought yearsin 2~300 and land policy establishes the goal of "no short-

remains at that level through 2020 despite the goal to near.ly double term net loss and an increase in wetlands in

wetland areas by 2010. the long-term" (DW-R 1994a). This shift in
policy was prompted by the recognition that

Bay/De!ta Agreement. The Bay/Delta agreement calls for the reallo- wetlands provide habitat for over half of all

cation of up to 1.1 maf of water from agriculture and urban users for federally listed threatened or endangered

environmental use (Bobker 1995). Under the December 15, 1994 agree- species (DWK 1994a). Wetlands provide the

ment, water reallocated under the agreement will initially be credited principal habitat for waterfowl migrating

against the CVPIA environmental allocation, along the Pacific Flyway, which extends
from Canada to Mexico. Further, they provide
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spawning and rearing habitats for fish, provideState Lands

flood control protection, improve water quali- Commission 1993).

ty, recharge aquifers that serve urban and The most dramatic

agricultural users, and support a multi-millionexample of the

dollar outdoor recreation industry, impacts of dams on

In addition to protecting habitat, however, salmon is Friant Dam

mechanisms must be developed to protect theon the San Joaquin

water needed to keep these wetlands healthy.River. The dam’s con-

In one approach, the Central Valley Project struction resulted in

improvement Act of 1992, described in more the extinction of the

deter below, requires the Secretary of the largest spring-run chi- The Gray Lodge Wildlife Refuge in the Central Valley is one of
Interior to provide water for wildlife refuges nook population in the the few places in California where masses of waterfowl still

and habitat in the Central Valley. state. The darn blocked congregat6 in winter. (Photo: R Gleick)

Managing wetlands better is only part of theupstream spawning grounds and reduced

solution. Improved watershed or "catchment spring, summer, and fall flows below the dam -

area" management can also result in significantto a minimum. Every year the riverbed

improvements in water quality in lakes and upstream of the Mendota pool in Fresno

reservoirs, groundwater recharge~ and flood County dries up (California State Lands

protection. Because lakes, reservoirs, and Commission 1993). To avoid an ESA listing of
rivers play an important role in California’s the surviving chinook salmon populations, the
environmental and economic well-being, it is U.S. Fish and Wildlife Services (FWS) and the
important that their management be sustain-California Department of Fish and Game
able to preserve them for future generations. (DFG) have established that increased mini-

mum flows (and decreased export levels) are
2. Instream Flows: Release of required in the Sacramento and San Joaquin

Water for Fish Rivers. currently, the Bureau of Reclamation
Sustainable water use requires that adequate and Fish and Wildlife Services, pursuant to sec-
flows, especially during critical periods, be tion 3406 of the Central Valley Project
maintained for the protection of stream, fiver,Improvement Act, are conducting a
lake, and wetland ecosystems, as well as for Comprehensive Plan of the San Joaquin River.
instream human use. For wildlife, instream The objective of the plan is to identify actions
flows sustain the stream and floodplain ripari-to restore and enhance San Joaquin River fish,
an zones, and provide aquatic food resources,wildlife, and habitat. Plan findings will be used
Not only do these flows provide food for fish to make recommendations to Congress o~ how
and other species, but they also play a vital to manage and allocate water resource~ of the
role in maintaining water quality and provide ~/San Joaquin River and to try to meet the
corridor for migratory aquatic species to reachCVPI~s goal of doubling the anadromous fish
upstream spawning and rearing habitat, populations (USBR and FWS 1994). Ultimately,

Because agriculture uses nearly 75 percentCongressional approval is required before any
of developed water resources in an average water is released to restore the San Joaquin
year and even more in drought years, releasesriver fisheries.
of Water from lakes and reservoirs are usually Agricultural drainage contaminated by fertil-
timed to coincide with crop demand, not izers and pesticides also poses a direct threat to
ecosystem requirements. Steelhead were oncefish and wildlife habitats and the species that
found in al! coastal rivers, but now approxi- depend on them. In 1990, for example,
raately 90 percent of the state’s remaining wildCalifornia farmers used over 163:million
Steelhead are found north of San Francisco. pounds of pesticides and herbicides, nearly
Tl~e construction of large dams on major riversone-third of all pesticide use in the United " "
has Caused a 95 percent reduction in the his-States (California State Lands Commission
toric salmon and steelhead spawning habitat in1993). A recent study conducted-by the U.S. --
the Central Valley river system (California Fish and Wildlife Services concluded that agri- -
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cultural return flows, contaminated with excessScenic Rivers system are the Middle Fork
nutrients, pesticides, herbicides, and sedi- Feather, North Fork American, Tuolumne,
ments, are the most common pollution sourcesMerced, Kings, North Fork Kern, South Fork
affecting wildlife refuges. According to the Kern, Smith, Sisquoc, and Big ~ur Rivers, and
State Water Resources Control Board, agricul- Sespe Creek. The rivers included in the State
ture contrfbutes more than 58 percent of the Wild and Scenic Rivers system are the
pollution to California’s rivers statewide Klamath, Scott, Salmon, Trinity, Smith, Eel,
(California State Lands Commission 1993). Van Duzen, American, Wes~ Walker, and East

The need to reduce non-point source poilu-Fork of the Carson. The main-~lifference
tion, particularly agricultural pollution, is between the national and state_ acts is that the
widely recognized. A recent study estimated federal government can override the state des-
that meeting water quality standards in someignation (i.e., the Federal Energy Regulatory
places will require reducing annual pollutionCommission can still issue a license to build a
loads from farm drainage by as much as 80 todam on a river designated wild and scenic
90 percent, depending on river flow conditionsunder the state act). This difference explains
(Young and Congdon 1994). The U.S. EPA, withwhy national wild and scenic designation is
the assistance of other government agencies preferred (DWR 1994a).
and the environmental community is in the
process of developing non-point source water 4. Endangered Species Act (ESA)
pollution standards, a) Federal

3. Wild and Scenic Rivers The ESA is designed to preserve endangered
and threatened species by protecting individu-Under the National Wild and Scenic Rivers Act,als of the species and their habitat, and bypassed in 1968, rivers that possess "outstand-

ingly remarkable scenic, recreational, geologic,implementing measures that promote their

fish and wildlife, historic, cultural, or other recovery. The federal ESA defines an endan-

similar values" are preserved in their free-flow-gered species as one that is in danger of extinc-
tion in all or a significant part of its range. Iting condition. The Act establishes as national
defines a threatened species as one that is like-policy that "dam and other construction at

appropriate sections of rivers of the United ly to become endangered in the near future.

States needs to be complemented by ... Presently, 115 species native to California have
been listed threatened or endangered - thepreser[vation oil other selected rivers ... in
largest number in any state (DWR 1994a,their free-flowing condition." Just four year
Thelander 1994).later (1972), California passed the State Wild

Once a species has been listed, no federaland Scenic Rivers Act to preserve free-flowing
action may be taken that jeopardizes therivers that possess "extraordinary scenic, recre-
continued existence of the species or habitatational, fishery, or wildlife values." The Act
critical for the survival of that species. Theauthorized diversions needed to supply domes-

tic water to residents ESA also applies to new and ongoing actions

of counties through by state agencies and private parties.

which the river flows b) California
only if the Secretary The California Endangered Species Act also
of the Resources requires that proposed actions not jeopardize a
Agency determines listed species. If a potential action will jeopar-
that the diversions dize a listed species, state agencies must adopt
will not adversely reasonable alternatives unlesgthere are over-
affect the river’s free- riding social or economic conditions that make
flowing character, such alternatives infeasl~le.

The California Although ESA requirements seem harshPortions of the Klamath River are protected by the State Wild rivers included in the
and Scenic Rivers Act. (Photo: P Gleick) to some, mitigation and project modification

National Wild and through long-term planning can allow
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landowners to continue their activities with substantial amount of agricultural land to its
minimal impact to endangered species. In natural state to preserve or enhance waterfowl
many instances, habitat enhancement can populations is unlikely. As a result, efforts to

actually help farmers. Restoring and preservingpreserve and restore wildlife must focus on
natural habitat invites predators large and ways of modifying agricultural practices in . .
small to come to the farm, aiding farmers withorder to provide greater wildlife habitat value

pest control. Also, by preserving habitat alongwhile leaving agricultural land in private own-

and within farmland, the ESA can slow the ership and in agricultural production. Recent
encroachment of urban areas into rural space,innovations within the California rice industry -

In addition to long-term habitat conservationare good examples.
planning, "mitigation banking" has been used
to deal with land-use conflicts. Under this

a) Flooding Rice Fields for Seasonal
Wetlands

process, anyone inter,ested in developing With California’s wetlands and marshes now
previously undisturbed habitat occupied by
a protected species pays a premium. The almost completely drained to make room for

revenues go into a fund that makes possible agriculture, the need to preserve and restore
habitat for threatened or endangered species isthe purchase of better habitat for the species
critical. Rice farmers, long considered theelsewhere. Such a process has the potential

to preserve more habitat for endangered or enemy by environmentalists for destroying
wetlands and the burning of rice straw, arethreatened species, while at the same time

minimizing the economic impacts on devel- now working to provide seasonal habitat for

0pets and farmers, waterfowl and other species and to reduce
water use, pesticide use, and air pollution.

5. Innovative Environmental- Measures to modify agricultural practices, such
Agricultural Water as flooding rice fields to produce seasonal wet-

Collaborations lands for waterfowl, may come to provide an
important mitigation option for the extensive

Recently, efforts have been made to develop loss of natural wetland habitats.innovative ways of reducing the tensions
The practice ofbetween agricultural and environmental inter-

flooding rice fields notests. Some efforts in this area beganwith
only provides habitatCongressional works such as the Conservation
for migratory water-Reserve Program, the Conservation
fowl, birds, and otherCompliance, the Wetland Reserve Program,
species, but also bene-and other aspects of the federal Farm Bill.
fits rice farmers. RiceAnother program, the Agricultural
farmers receive largeConservation Program (ACP) coordinated by
amounts of free natur-the U.S. Department of Agriculture, provides

- al fertilizer left behindcost-share money to landowners for creating or
in the droppings ofenhancing habitat. The expressed purpose of
these feeding flocks.

Flooded rice field in the northern Sacramento Valley can, in thethe assistance is to facilitate the restoration,
Most importantly, by right circumstances, also provide habitat for waterfowl.preservation, and enhancement of wildlife
flooding their fields (Photo: P.habitat. Efforts under this program include the
after harvest, riceplanting of hedgerows, revegetating along
farmers comply witti state and federal aircanals ditches, setting aside acreage for native
quality laws that would otherwise force themVegetation, and creating or enhancing wet-’

lands, to decrease acreage or stop farming altogethm:

California agricultural interests have also Some concern has been raised about negative
recently tried some innovative new programsimpacts on fish populations and other instream

uses, and extensive use of the practice shouldto enhance wildlife habitat while maintaining
be carefully evaluated (R. Weiner, Naturalagricultural productivity. Becau

Central Valley is privately owne~2 most of the Resources Defense Council, personal commu-
restoring a    nicafion, 1995).

51

D--045632
D-045632



California Water 2020: A Sustainable Vision                                                          .

production practices to provide greater habitat

value while still allowing crop production to
~,,~,~ 5~d~: F~OO~i~g ~-i~.~ Fi~$ continue, such as through the creation of habi-

tat corridor systems. A habitat corridor of

A llen Garcia, a rice farmer in Yolo County, has long been guided restored natural vegetation along roadsides,
by a personal philosophy to minimize the impact on the environ- berms, ditch banks, canals, and field borders
ment and to return organic matter to the soil. Driven by person- can p~ovide year-round habitat for wildlife

al values and the recognition of the substantial loss of wetlands and without having negative impacts on farming
dramatic declines in waterfowl in the Central Valley, he was one of the practices.
first to flood his rice fields to provide food and habitat for waterfowl. The YGR(3D is working to transform miles
The flooding of rice fields caught the attention of corporate rice farmers of barren irrigation canal banks into native
and the rice industry commissioned several studies to analyze the bene- grass habitat zones or corridors to reduce
fits. These studies found that the flooding of rice fields provides large canal erosion and populations of noxious
quantities of food and outstanding habitat for migratory waterfowl and weeds. These corridors a_re intended to pro-
shorebirds, while also providing natural fertilizers for the fields and vide escape and forage areas for small mare-
reducing conflicts with sta~e and federal air quality laws (Western reals, ~eptfles, birds, and beneficial insects,
Ecological Services Company 1991, 1994). while retaining agricultural land in private

According to field experience, flooding rice paddies between plant- Ownership and in agricultural production.
ings provides about 600 pounds of food per acre for waterfowl ~ 300 Restoring and preserving such habitats encour-
pounds of carbohydrates (straw and grain left over after harvest) and ages predators to come to the farm, aiding
300 pounds of invertebrates (A. Garcia, rice farmer, personal communi- farmers with pest control. Early results show
cation, 1994). This estimate is consistent with the estimate of 500 to that such habitat corridors reduce pests and
600 pounds of food per acre ~ 246 to 346 pounds of waste rice per noxious weeds, curtailing the need to apply
acre and 250 pounds of invertebrates ~ reported by the California Rice pesticides and herbicides OrGRCD ~t al. 1994).
Industn] (Western Ecological Services Comgany 1991). Other farming options being studied and

slowly implemented ~nc~ude ~ow crop taflwa-
tot ponds, integrated management techniques
that meet diverse interests including develol>
merit o£ on-farm habitat, wetland develop-

1~) Yoto Co~zr~t~j Resources merit, protection of water quality, and
Colqs~r~atior~ District

enhanced groundwater ~echa~ge (Ande~son
Gonvenfional farming practices coupled with 1994, YGRGD et al. 1994). Gooperating
structural flood control measures to meet landowners have already created more than
municipal interests, have adversely affected 20 functional and cost-effective impound-
wildlife habitat. Through progressive land-use ments and the potential to establish hundreds
and agricultural programs, the Yolo Go’anty more exists. The YCRGD is also working to
Resources Gonservafion District (YCRCD et al. enlist rice farmers to manage their land to
1994) is working to reverse the loss o£habitat provide stormwater storage, groundwater
and diversity, both in wildlife and plant recharge, and seasonal wetlands as well as to
species. The YGRGD provides technical assis- produce rice (see rice section above).
tance through its habitat corridor program to - ~
farmers interested in creating wildlife habitat ¢) Cover Cropping

within farming operations. In addition, it is A three-year pilot project on cover cropping is

conducting a study to determine the feasibilitycurrently underway in the state of Washington

of integrating water-system management to reduce the nitrate concentration in ground
through the local irrigation district in order to water and to provide seasonal habitat and food

provide on-~arm habitat, wetland develop- for migrating waterfowl and birds in regions

ment, improved water quality, and enhancedwhere nitrates seep into the soft, such as with

groundwater recharge, pea farms. Ducks Unlimited saw the farmers’

Because taking private agricultural land plight as an opportunity to solve two prob-

out of production is a controversial option, lems--water quality degradation and loss of

the YCRCD advocates changing agricultural habitat for waterfowl and other migrant birds"
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After studies revealed that barley reduces theand in particular has changed the salt balance.

nitrate concentration in the soil, a pilot pro- Further, pollution from growing urban areas

gram was developed by Ducks Unlimited to and the introduction of exotic species in the

grow an early crop of peas followed by a coverEstuary are threatening the estuarine ecosys-

crop of barley. Ducks Unlimited pays partici- tern, as shown by the recent need to list the

pants to grow an early cash crop of peas, andDelta smelt and winter-run chinook salmon as

to leave the barley as a cover crop for the threatened or endangered species.
~vaterfowl and birds (J. Payne, Ducks The State Water Resources Control Board
Unlimited, personal communication, 1994). (SWRCB) has jurisdiction over water require-
The benefits of the pilot project have not beenments for the Bay-Delta through its water

fully analyzed, but preliminary results show rights process. In 1978, SWRCB’s Decision 1485
reductions in nitrate concentrations, improve-set standards for protecting water quality, lim-

ments in water quality, and increases in birditing water exports from the Delta, and setting "

populations, minimum fiow rates. The goal of the standards
was to maintain water quality at the level it

6. Historical Overview of would have been without federal and state
the Bay/Delta Estuary water diversions. By the early 1980s, however,

The two great rivers of the Central Valley -- it was clear that the standards that had been
the Sacramento and San Joaquin -- meet theset were inadequate and the decision was chal- _
Pacific Ocean at the Bay-Delta Estuary. This lenged and overturned in court in 1984.

estuary has also been the center of many Hearings to adopt new standards began in

water battles for the last two decades. Properly1987. During these hearings, more than 150
known as the San Francisco Bay/Sacramento-interests and state and federal agencies testi-
San Joaquin Delta Estuary, this waterway seesfled, and the SWRCB released a draft plan in
the outflow of 47 percent of the state’s total 1988, which it then subsequently withdrew. In
surface water runoff and provides freshwater 1991, the Board adopted a salinity plan and
to over 20 million of the state’s residents, began work on a water rights decision. In 1992,
Because the Estuary is where fresh water interim standards were set under Decision
meets salt water, it also provides diverse hahi-1630, but again, this set of standards was with-
tats rich in nutrients, and it supports over 120drawn at the request of Governor Wilson. The
species of recreational and commercial fish. U.S. Environmental Protection Agency then
It is an important wintering site for migratorydeveloped standards in December 1993. The
waterfowl and a vital spawning grounds for showdown between the state and federal agen-
anadromous fish. The Bay-Delta contains the cies was partly resolved in December 1994
largest wetland habitat in the western U.S. when both sides agreed to a compromise set of

The Estuary has undergone great .changes standards and practices for an interim period
ever since Europeans settled in California. of three years, with the intention of developing
Gold mir~.ng in the latter half of the 19th cen-plans for the long-term management of the
tury sent I billion cubic yards of sediments resource.
downstream through the Estuary. Between 85
to 95 percent of the Estuary’s wetlands have 7. The Central Valley Project
been filled in or altered. The Central Valley Improvement Act of 1992
Project and State Water Project now diver~ One of the major pieces of federal legislation
almost 20 percent of the normal inflow to theaffecting California water in the last decade is
Delta in an average water year and a substan-the 1992 Central Valley Project Improvement
tially larger fraction in dry years. These water

Act (CVPIA) (PL 102-575). The CVPIA specifi-
diversions_and their impacts on fisheries andcally sets aside water for environmental
Wildlife _ are the cause of most of the contro-restoration purposes. The Act allocates 800,000
Versy over the Bay-Delta. Pumping of water

af per year of water for fish and wildllfe pur-
south through the Delta has changed the natur-poses, establishes a goal of doubling anadro-
al vatiations of freshwater flow to the ocean

mous fish populations (over average levels
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between 1967 and 1991) by 2002 in Central variations. Future water banks could fo!low
Valley rivers and streams, and dedicates an similar tactics as the CVPLA to help protect
additional 460,000 afper year for wild.life ecosystems. For example, the state could
refuges and habitat areas in the Central Valleycharge a transfer fee that can be used to buy
and for Trinity River instream flows. This water for critical ecosystem needs. Or a certain
water is given priority over agricultural con- percentage of the water bought by the Bank
tract water and is subject only to 25 percent could be dedicated to environmental purposes.
maximum cutback. The Act also requires that aThe Department of Fish and Game has already
comprehensive plan be developed for the been buying water in the short term for
restoration of anadromous fisheries in parts ofwildlife refuges and fishery purposes (DWR
the San Joaquin Rive.r. To carry out restoration1994a).
projects, a $50 million per year Restoration
Fund was established and funded by chargesE. LESSONS FROM EXTREME
on water users and on water transferred to WEATHER CONDITIONS
non-CVP users (PL 102-575). r-~here is growing concern among ciimatolo-

The CVPIA changes some of the restrictions _L gists and meteorologists that the world is
on CVP contractors. Of particular significance beginning to experience increasingly severe
is that water is now allowed to be transferred weather patterns. Floods and droughts - a nat-
outside of CVP service areas if there is a will- ural consequence of climatic variability -- have
ing buyer and seller. A transfer fee of $25 per occurred since the beginning of time, as chron-
acre-foot raises money for the Restoration icled in the book of Genesis, in the many
Fund. No new contracts for CVP water are myths, legends, and histories that survive from
allowed until a programmatic Environmental ancient times, and in the geophysical record. It
Impact Statement is completed on the effects is as true today, as it was then, that heavy pre-
of the _Act. cipitafion can overtax inadequate local

drainage systems and result in flooding outside
8. Water Banks of normal floodplains, while droughts can crip-

Droughts cause hardship for all water users inpie food production and lead to widespread
the state, but perhaps their greatest impacts social disruption. Historic~_lly, government pol-
fall on ecosystems (Gleick and Nash 1991, icy to reduce flood and drought losses have
Nash !993b). Recent innovative programs, suchfocused on the construction of physical mes-
as the Drought Water Bank of 1991 and 1992, sures such as building dams, levees, and other
show that with proper planning, some of the structures to hold back flood waters and to
impacts on human users can be mitigated orincrease reliability of supply. An unintended

prevented. In 1991, side-effect of g0vernment-funde_d flood- and
h~rg2sh~p f~r ~i ~te~" the DWR’s Bank drought-protection measures was that they

ibu~" ~:~’~.~ ~hei~ purchased 820,000 af accelerated the development and_urbanization
f~z~.~ ~r~ e~s~stemso of water - about half of the floodplains putting more property and

from the fallowing of people at risk, at the expense of the environ-
agricultural land, a third from the substitutionmerit. Thus, despite the bfltions of dollars in
of ground water for surface supplies, and the federal investments in structural projects, flood
rest from stored water supplies. The Bank and drought losses and disaster-relief costs con-
bought water at a set price of $125 per af andtinue to rise (FIFMTF 1992).
sold it to areas of critical need at $175 per af,
excluding delivery costs from the Delta 1. California’s Flood Experience
(DWR 1992). Just weeks before California’s 1995 winter

Creative efforts to alleviate the negative floods began, forecasters were predicting a
impacts of the drought, such as the Water dryer-than-n0rmal winter. In December 1994,
Bank, should also be applied to ecosystems, the National Oceanic and Atmospheric
While ecosystems undergo natural variationsAdministration punished one scientific team’S
in flow, human diversions can exacerbate theseforecastthat California would experience less
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than 75 percent of its normal rainfall level the early March
through February 1995 (The Gazette 1995). storms. As of mid-
This inability to accurately forecast climatic March, 53 of
extremes is a normal characteristic of meteo- California’s 58 coun-
rology and makes it vital that society look at ties were classified
ways of reducing vulnerability to such as disaster areas.
extremes. Crop damages in

Are traditional methods of reducing risks of. California’s rich
flooding working? Despite the billions of dol- Salinas Valley, called
lars in public infrastructure expenditures for the nation’s salad
flood protection, floods will continue and, as bowl, exceeded $220

California is subject to both severe droughts and floods. In earlymore and more people make their homes in million for the March 1995, several parts of the state were flooded after record rains.
floodplains, damages will continue to skyrock-rains alone (Howe (Courte~ofDWR.)

et. As floodplains are developed for urban and1995). Subsequent__
agricultural purposes, the resources and ser- rains and the melting of the large.Sierra
vices they provide in their natural state are Nevada snowpack may cause further flooding
reduced. Natural floodplains provide floodwa- and damages.
ter storage and pathways, groundwater In the floodplains, flooding is a normal
recharge, water-quality enhancement, aestheticevent in the cycle of life. Floods can provide
and cultural values, and habitat for scarce, access to food and enhanced habitat for fish,
threatened, or endangered plants and animals,birds, and other wildlife. Floods are not only
Private interests develop the land to maximizebeneficial, but may even be necessary to
the owners’ economic return, generally in a restore degraded ecosystems, such as washing
fashion that degrades natural values and out the upper part of the San Francisco Bay
increases later public expenditures for relief, estuary with flows that may be 15 times higher
rehabilitation, and/or corrective action, than drought flows -- estimates of the March
Government programs, however well inten- flows are around 350,000 cubic feet per second
tion, often encourage such development (All Things Considered 1995).
(NHRAIC 1992). According to the 1992 Federal But as the waters recede, human and
Interagency Floodplain Management Task wildlife populations face serious environmen-
Force report, compliance with federal, state, tal problems that could haunt California for
and local standards have a potentially greateryears to come. As with the 1993 Mississippi
impact on flood loss reduction than any otherfloods, the more troubling question is what
single floodplain management tool (FIPMTF becomes of the industrial toxic pollutants, agri-
1992). The Congress in 1982 made a specific cultural pesticide runoff, and raw sewage that
finding that annual losses from floods are were carried by floodwaters (Kriz 1993). Of
increasing and attributes the increase primari-critical importance to California’s economy, to
ly to acceleration of development and habita-the magnitude of future flood impacts, and to
tion of flood-prone areas (Singer 1990). Givenremaining fragile wildlife is the type of recov-
the current Congressional debate on land-usecry policies ’the federal, state, and local govern-
and environmental standards, however, the merits implement over the next year. -
direction of future federal, state, and local gov- To expedite cleanup of California’s 1995
ernments controls over the further develop- flood-ravaged farmlands and communities,
ment of floodplains is uncertain. Governor Wilson .moved to exempt emergency

By mid-March 1995 California floods had flood repairs from the state’s Endangered
caused $3.3 billion in damage -- $1.3 billion Species Act (ESA). He also loosened restric- -
from the January floods and $2.0 billion fromtions on agriculture burn days through the
the early March floods (FtgMA 1995; AssociatedCalifornia Air Resources Board, to allow farm-
Press 1995). Agricultural damage estimates aters more flexibility in disposing of flood debris.
this point totaled nearly $500 million - $97 The Governor’s decision, made in the context
million from January’s storms and $360 from of a posgible run for President, appear to
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authorize people to take action without regardefficiency and conservation measures as an
to whether they are killing "endangered speciesalternative to building new supply. In the early
if the actions are designed for flood, fire con- 1980si California passed the firs_t water-efficiea.
trol, security, or a range of other purposes cy standards for toilets, faucets, and shower-
(BNA 1995; Anderluh 1995). Whether or not heads. While there was substantial concern
these actions are legal is not yet certain, over urban water use immediately following

Several months of unplanned and uncoordi-the drought, it was not long before most gov-
hated action, in the name of disaster recovery,eminent agencies, water utilities, and the pub-
could undermine years of environmental pro-lic return to business as usual.
tection and investment. The state must work The 1987-92 drought, the longest and deep_
to balance short-term disaster recovery and est droughts in recorded history, once again
long-term protection of both the environmentrevealed the state’s vulnerability to water
and future developments. California should fol-shortages. For six years, average runoff was
low the lead established after the 1993 roughly half of normal, the state’s enormous
Mississippi floods and consider long-term floodreservoirs were drained nearly dry, and water
management alternatives, such as expandingusers found themselves in the midst of new
wetlands areas and restoring watersheds, mop-calls for voluntary or mandatory cutbacks in
ing communities out of floodplains, and use. The drought produced criticism and re-
restructuring the most vulnerable levees. In evaluation of nearly all forms of water use,
addition, to discourage further urbanization offrom agricultural practices to environmental
the floodplains California should not continuewater uses. Not surprisingly, the drought also
to subsidize new devel0pments, nor provide focused attention on the mismanagement of
below market rate insurance policies, urban and agricultural water resources and on

the need for policies to improve water-use effi-
2. California’s Drought             ciency (Moore et al. 1993).

Experience                         The 1987-1992 drought provided an oppor~u-
While floods can cause significant loss of life nity to see how water cutbacks affected agri-
and damage to property, droughts are far moreculture. Total water deliveries ~r0m the Central
likely to prompt concern over water supplies Valley Project decreased 35 percent between
and changes in the way water is managed. Twothe period from i987-89 to the 2990-91 period.
recent droughts have contributed to changingIn the same period deliveries from the State
public opinion about California water Water Project decreased 55 percent. In the
resources. They also had dramatic effects on state as a whole, there was a nine percent
the state’s average urban per-capita water -usedecrease in supply. A survey of 135 water
(see Figure 11). As illustrated by this figure, districts throughout the state, including 60
large temporary reductions in per-capita waterpercent of Central Valley districts, found that
use can be achieved during drought years the main responses to the cutbacks included
when aggressive short-term conservation andincreased groundwater pumping, changing
rationing programs are in effect. More lasting crop types or fallowing land, an--d adjusting irri-
reductions in per-capita water use wi!l come gation management. Groundwater pumping
about through permanent water conservationwas found to have increased 7_2_ percent among
and education programs, water-efficiency man-districts surveyed, from 425,000 acre-feet in
dates, and other factors. 1987 to 923,000 acre-feet in 1991 (Zflberman et

The drought of 1976 and 1977 was the mostal. 1992). Total fallowed land in these districts
severe two-year drought in the past century, increased 23 percent, from 259,000 acres in
This drought not only revealed the vulnerabili-1987 to 397,000 in 1991. Interestingly, agricul-
ty of the state’s large reservoirs to persistent rural revenues during the drought actually
water shortages, but was a turning point for increased slightly as larger sales of higher pal-
urban water policy. For tl~e first time, urban uea crops made up for lower production of
water use became the subject of wide punic other crops and as crop prices remained firm.
debate. Water agencies began to promote water Irrigation management also changed in this
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period. Farmers shortened furrow runs, usedinformation is available. Several methods are
sprinlder systems for early irrigation, stressedused to try to reconstruct older climatic condi-
crops, and installed tallwater return systems,t-ions. These include a variety o£ "paleoclimat.
In some cases, new irrigation technologids ic" techniques such as measuring tree rings,
were adopted for higher value crops. Thirty- evaluating pollen samples, looking at sediment
five percent of farmers in responding districtsdistrfbutions, and so on. In California, several
installed new sprinklers, and 33 percent important paleoclimatic studies have been
installed new drip irrigation. Institutional done that give clear indications of severe
responses on the part of water districts includ-droughts as far back as the mid-!500s.
ed pricing changes (49 percent), changes in Earle and Frit~s (1986) and others (SSDP
al!ocation schedule (53 percent), and increased1991) used tree-ring data to reconstruct the
voluntary market transfers (52 percent of drought record in parts of California from
districts) (Zilberman et al. 1993). Overall, the 1560 to 1980 AD. According to their studies,
agricultural community proved remarkably the most severe drought in northern California
resilient to the drought, since 1560 is considered to be the period from

There is also substantial flexibility in the 1929 to 1935. The most recent 1987 to 1994
residential sector, as shown by the water drought is comparable with this late-1920s
savings achieved in many communities duringto early-1930s drought in both duration and
the more recent 1987-1992 drought. During magnitude.
the fifth year of drought, residents of a number Recently,. there has been growing concern
of coastal cities achieved substantially higherabout the possibility of global climatic changes
conservation than requested by the municipali-associated with growing atmospheric concen-
ties, as illustrated in Table 13. Some of these trations of greenhouse gases (see Box: Future
savings are relatively permanent, such as fix-Climatic Changes). Despite many remaining
ture changes and xeriscaping program. ’ scientific, uncertainties, there is now a strong

consensus that the continued buildup of green-
house gases in the atmosphere will lead to

Yffa~r ¢oms~a’tie~ Nx~3~9~.~ ~,q {2a~f~r~.~.~a [~,3uz~a~ higher global average temperatures and some

A~e~c~.~ r~r~,~ ~ ~ ~ ~ ~.~u~ ~: significant changes in the hydrologic cycle,
including precipitation patterns and storm

Conservation Conservation frequencies and intensities. Among the possi-
Requested ~ Achieved ~ bflities are a higher frequency of extreme

East Bay Municipal Utility District ~ 5% 25% events, including both floods and droughts.
¯ ~:~:.~;~:’"~’~;~:’"~:..~V~’~-;~’,’’:’~’‘r-’~: ~:’ ’. ’.; ." ’-:~ ~’:, ..... ".’:~’~;~~.", :"~+~>~-~..~:’~;~, Recent hydrologic experience in California,

with a long drought and some severely wet
Monterey Peninsula Water Management District      20% ’           31%

the~s2a~21~a~nfL~;~,epa~e,nt ~ .- ....... . 25% .... ~22r..’:,~"33g’ ~i~ years, suggests the urgency of addressingremaining uncertainties. The possz~ility of
Santa Clara Valley Water District 25% 32% these changes makes it urgent that managers

and institutions begin to think about how
~ Water use reductions in 1991, as a percentage of the 198g-87 water year.
Source: Burton 1992. to manage water resources under different

climatic conditions.

3.Past and Future Climates
in California

We have only a limited understanding of past
climatic conditions and some tentative hints
about future ones. The instrumenta! record --
the period of time when instruments recorded
different aspects of the climate -- rarely
extends back 100 years. In many regions, and
for many climatic variables, even far less
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O ur understanding of global climatic condi- regional impacts, tn spite of these uncertainties, the

tions has improved in the last several years, Second World Climate Conference, held in Geneva
leading to the concern that we are uninten- in late 1990, concluded:

tionally modifying the climate in ways that may "The design of many costly structures to store
already be noticeable and will certainly become and convey water, from large dams to small
noticeable in the next several decades if no actions drainage facilities, is based on analyses of past
are taken. The problem of global climatic change, or records of climatic and hydrologic parameters.
the "greenhouse effect," makes the problem of Some of these structures are designed to last
hydrologic prediction even more uncertain than it 50 to 100 years or even longer. Records of past                 --
already is. All traditional hydrologic tools for evalu- climate and hydrological conditions may no
ating the frequency and magnitude of extreme longer be a reliable guide to the future. The
events assume that future conditions will look like design and management of both structural and
past conditions. Global climatic changes, however,

non-structural water resource systems should
have the potential to significantly alter both the
intensity and magnitude of climatic events in

allow for the possible effects of climate change."

California, leading to new and unanticipated climat- (Italics added) (Proceedings of the Second World

ic regimes. While there is a broad scientific consen- Climate Conference, J;~ger and Ferguson 1991

sus that global climatic change is a real problem and A separate study published in 1990 focused on the
that it will alter the hydrologic cycle in a variety of implications of global climate changes for the water
ways, there is little certainty about the form these resources of the United States. This study, entitled
changes will take, or when they will be unambigu- . Climate Change and U.S. Water Resources and
ously detected. As a result, while we can expect published by J, Wiley and Sons, New York, 1990 for
global climatic changes to begin to appear within the American Association for the Advancement of
the next several decades, or even earlier, we are Science concluded:
unable as of yet to determine how such changes

"Among the climatic changes that governments
will affect water-supply systems. Among the princi-

and other public bodies are likely to encounterpal conclusions of a multi-year international scientif-
are rising temperatures, increasing evapotranspi-ic assessment about the state of knowledge about

global climatic change (IPCC 1990) were: ration, earlier melting of snowpacks, new sea-
sonal cycles of runoff, altered frequency of

"We are certain of the following:
extreme events, and rising sea level

emissions resulting from human activities are Governments at all levels should reevaluate legal,
substantially increasing the atmospheric concen-

technical, and economic procedures for manag-trations of the greenhouse gases: carbon diox-
ide, methane, chlorofluorocarbons (CFCs) and ing water resources in the light of climate

nitrous oxide. These increases will enhance the changes that are highly likely." [Italics in originaL]

greenhouse effect, resulting on average in an Finally, the international treaty covering global cli-
additional warming of the Earth’s surface, matic change, the United Nations Framework

"We calculate with confidence that: Convention on Climate Change (1992), states in

Continued emissions of these gases at present Article 3.3 that the Parties to the Convention:

rates wou~d commit us to increased concentra- "should take precautionary measures to antici-
tions for centuries ahead. The longer emissions pate, prevent or minimize the causes of climate
continue to increase at present day rates, the change and mitigate its adverse effects. Where
greater reductions would have to be for concen- there are threats of serious or irreversible dam-
trations to stabilize at a given level. (IPCC 1990.) age, lack of full scientific certainty should not be

The implications of these cl mate changes for water used as a reason for postponing such measures,
resources are highly uncertain, because of limita- taking into account that policies and measures
tions of the large climate models in evaluating should be cost-effective."
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Where Do We Want To Be: California Water 2020

A
s long as we continue to mismanageTo satisfy the minimum water requirement
our water resources, the gap bet- described above, California in the year 2020 =
ween water demand and supply will require about 1.1 mar (less than 25 percent
will continue to widen, exacerbatingof the 1990 residential demand). Official pro-

groundwater overdraft, surface water disputes,jections based on conventional analysis for
and water quality problems. We have the 2020 are that Californians will still use over
opportunity, tools, and ability to create a 100 gallons per person per day more than this
remarkably different urban and agricultural minimum.
economy, one that can restore ecosystems andBecause the water required to meet basic
protect the environment while bringing forth human needs comprises a relatively small
innovation, equitable use of resources, mean-amount of total resi-
ingful work, and economic security. The visiondenfia! water use, We have the opportunity, tools, and
presented at the beginning of this report offersm~eting tile minimum abiIiW to create a remarl~abty different
a positive goal for california water planning water requirement to urban and ~gr~ultaral economy, -
and management. This section offers the m~intain human one that can restore ecosystems and
analytical and technical background to supporthealth is not a serious protect the environment whi~e bringing
the goals identified in that vision. These goalschallenge. By provid- forth i~novaHon, equ~tabl~se -
meet the sustainabflity criteria developed earli-ing this minimum of resources~ meaningful ~rk,
er. How they might be achieved is discussed inleve! of water for and economic security.
the final section, human consumption

at lifeline rates, California will assure that the

A. SUSTAINABLE URBAN basic water needs of its citizens are met. Water
use beyond the minimum water requirementWATER USE                       should be guided by efficiency and equity

The past approach of expanding urban considerations, as well as other measures to
water supplies by tapping ever more dis- ensure that the renewability and quality of our

taut sources to meet presumed future demandswater supply are maintained. --
is no longer appropriate in California.
Increasingly, water managers must try to 1. Residential Water Use
determine how to satisfy human needs and Permanent residential water savings by 2020
desires for water within the limits of the will come from improvements in both indoor
resources that are presently available, and outdoor water-use efficiency and from con-

What do humans need? According to healthservation management practices. Indoor water
officials worldwide, the minimum amount of savings will principally result from installing =~
water a person "needs" for a healthy living water-efficient fixtures in new and existing
standard is about 20 gallons per day (WHO dwellings to meet existing standards. Smaller,
1971, NAS 1977). This benchmark includes suf-yet substantial, savings will also be achieved
ficient wa~er to provide adequate sanitation through changing water-use practices (i.e.,
services, maintain human health, and preparetaking shorter showers, not running the faucet
food. Water required to grow or produce food iswhile shaving or brushing, and so on), but we
not included, nor are typical municipal, corn-do not include these behavioral changes in our
raercia!, and industrial water uses. Any domes-estimates. Outdoor water savings will princi- ==
tic Water use that exceeds that level, whether pally result from improving irrigation efficien- =in SUpport of people’s livelihood or their

cy, reducing turf size, xeriscaping, and using
lifestyles reflects personal, economic, and reclaimed water for outdoor irrigation.
Social choices, and patterns of urban living. Through improvements in indoor and outdoor =
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water use, per-capita residential applied waterof residential water fixtures, over three-fourths
use in 2020 will be less than 75 gallons per per-of all Californians will live in homes that meet
son per day, a more than 45 percent decreaseor exceed the water-efficiency standards of ~e
from the 1990 per-capita water use level (see NEPAct by 2020.
Table 3). According to a number of studies, the

NEPAct standards have the potential to reduce
a) Residential Indoor Water Use residential water use for toilets, showerheads,

The greatest long-term, permanent indoor and faucets by 62 percent for fixtures installed
water savings will come from installing water-prior to 1980 and 39 percent for fixtures
efficient fixtures in new construction and installed between 1980 and 1992 (Vickers 1991,
replacing conventional fixtures in existing resi-Vickers !993). Results of the Institute’s analy-
dences, businesses, and industry. In recent sis, as illustrated in Table 14, suggest that the
years, in part due to the recent droughts, manyNEPAct water-efficiency standards will substan-
new efficient appliances and fixtures have tinily reduce residential indoor applied water
become available. Their sale is now mandateduse in California by the year 2020 compared to
by the 1992 National Energy Policy Act’s water-conventional estimates of future urban
efficiency standards, which should have an demand.
enormous impact on urban water demand overIf three-quarters of all indoor residential
the next 25 years, water-using fixtures (toilets, showerheads, and

faucets) in California
meet the NEPAct stan-

Table 44 dards by 2020, total
2t~20 N~$i~te~t~a~ h~or ~t~r ~J~ indoor residential

Total Applied Residential Per-Capita Applied water use will
Indoor Water Use Residential Indoor Water Use increase slightly from

Scenario                                            (million acre-feet)        (gallons per person per day)
3.1 mafin 1990 to 3.4

DWR 1990 Residential IndoorApplied Water Usea 3.1 91 mar (a 10 percent

Residential IndoorApplied Water Use in 2020 with 75% despite a 63 percent

Compliance with the 1992 NEPAct (vision)b 3.4 61 increase in popula-

~ The DWR total applied residential indoor water use estimates are the product of the current residential water use percent- replacement of all
age times the fraction of indoor use times total urban water use (59% x 2/3 x total urban water use) (DWR 1994a).

b The 2020 vision estimates of total applied residential indoor water use are based on 75 and 100 percent compliance with inefficient toilets,
the 1992 National Energy Policy Act. showerheads, and

’ faucets, it could actu-
ally reduce indoor

Existing non-ULF (ultra-!ow-flow) toilets, applied water use by about 0.3 maf from the ’
faucets, and showerheads can be replaced with1990 level or a 10 percent decrease -- a sub-
ULF toilets, water-efficient faucets, and show- stantial reduction in per-capita indoor use.
erheads when they break down or when Savings are even possible in communities that
houses are remodeled. Studies have commorflyhave been active in promotS_ng water-efficient
used natural turnover rates in the range of fixtures and appliances. For example, in !994
three to seven percent per year for toilets about 81 percent of the single-family homes in
(California Urban Water Conservation Councilthe Matin Metropolitan Water District, which
1992). Since the cost of toilets is substantiallyalready has a low per-capita residential water
higher it is not unreasonable to assume the use, still had toilets that use 3.5 or more gel-
same turnover rates for faucets and shower- Ions per flush. In multi-family homes, 87 per-
heads. Using five percent as a conservative butcent had toilets that use 3.5 or more gallons
realistic estimate of the natural turnover rate per flush (Fiske and Weiner 1994).
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Our analysis, as summarized in Table 14, potable water for turf irrigation with grayor
does not assume improvements in the water-reclaimed water. Studies have concluded that
use efficiency of other major fixtures, such as outdoor water use can easfl.y be reduced by
dishwashers and washing machines. In fact, more than 25 percent simply by improving
.washing machines that use half the water of outdoor irrigation
current models are available and improve- practices (Sunset
ments in technology are continuing to be 1987). Combining this : ’?: ":~::~:" :::::
made. Including these in our calculations with drought-resistant ..’:! ::: .: .~;w...:~.:.:

would have reduced future residential indoorplants and substituting
:_.~; :=.-...,:~.::~.~

water use even more. reclaimed water for ¯ : ~": .........

potable water use, per-
b) Residential Outdoor Water Use capita potable water use can be decreased by at

In California, most outdoor use in the urban least 50 percent.
sector occurs during the dry summer months. Reducing per-capita outdoor water use by 25
Although detailed data on outdoor water use percent, achievable with the changes men-
are not available, official estimates are that tioned earlier, would result in an increase in
about 2 mar of potable water were used to total outdoor residential water use in the year
water exterior landscaping in the residential, 2020 of 350,000 af, instead of 1.0 mar, over
municipal, and commercial sectors in 1990 levels. A 50 percent reduction, which
California in 1980. By 1990, urban outdoor would require more extensive changes, but
water use had risen to over 3 maf (DWI~ couId be accomplished with methods and tech-
1994b). Using DWI~’s estimates, outdoor resi- nologies already available, would reduce total
dential water use in 1990 was about 1.5 mar, residential outdoor water use in 2020 to 1.3
with another 1.5 mar of outdoor water use mar, 200,000 af fewer than the amount used in
divided among the other urban sectors. Under1990. These scenarios of applied outdoor water
conventional projections, potable water use are summarized in Table 15.
demand for landscap-
hag continues to
increase as population "’:~.?" .i~ ¯ ~

grows and as develop- ~ :::~:;’i~ ~i~;:~:_-..;::..:.;~:~’? ~:’~Y:~:~:i~.~~ ~:!:’-,~2.:.~.:’.."
ment moves inland, ~otal Applied Residential Per-Eapita Appliedwhere hotter and Outdoor Water Use Residential Outdoor Water Use
d~yer conditions lead Scenario (million acre-feet) (gallons per person perday)
to higher per-capita --
ou~loor Use (DWI~ DWR ~ 990 Residential Outdoor Applied Water Usea            1.5 4~

:D~020 R~s|d~nti~i 0~do0~Al~liedWat~rUsea ~ ’r ~ ~5 ~ " r1994b). By 2020, ~ .....~r: . ¯ ...~.~. :.=~...~, .~..:~..~. ~ ..... :.:. : ... -...- .... .:~. ~ .........:... ~ . .
conventional trend 2020 Residential Outdoor Applied Water Use with 25%
analyses suggest tl~at Outdoor Savings (vision)b 1.9 34
outdoor residential 2020,Re~identi~il:~utdoorAPpiied Wate(Lls~ with 50%., ~: , i~ ~i~ ~ ~- ~~
water use would grow ::i.:Z!0Utd00r Sa~i,~s:iv/~i~n}b~:’,,~ ?:." ’" ...... : " ’ :. ’ : : 1:3:. ’ ’:":: "~- "
by t mar.

a The DWR total applied residential o~rtdoor water use estimates are the product of the current residential water use percent-
~lis upward trend age times the fraction of outdoor use times total urban water use (59% x II3 x total urban water use) (DWR 1994a).

in outdoor water use b The 2020 vision estimates of total applied water use are based on 25 percent reductions in outdoor potable water use and 25
percent substitution of potable water use with reclaimed water.need not continue.

Many policies are
already being explored to reduce demand for In summary, by 2020, as residential cus-.
.Urban irrigation, including technological tomers become more water conscious and
~raprovements that increase irrigation efficien-reduce inefficient indoor and outdoor water
cy, reductions in the area of turf requiting uses, total residential water use could be in
Water, replacement of lawns with native, the range of 4.1 to 5.3 mar (compared to the
drOUght-resistant plants, and replacement of 4.6 mar used in 1990 and the nearly 7.5 mar
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projected for 2020 by conventional approach- There is also considerable potential for
es). Even with 100 percent compliance with changes in the structure of the industrial
the NEPAct water efficiency standards and withsector toward less water-intensive production.
a 50 percent reduction in outdoor water use, Many industries have already begun to explore
per-capita residential water use will still be low-cost water-efficiency projects. Plants that
approximately 75 gallons per person per day.have already invested in conservation pro-
This exceeds Israel’s 1990 per-capita water usegrams and technology would re__quire increas-
er 70 gallons per person per day (Fishelson ingly larger investments to further reduce
1993). Nonetheless, it would be an enormoustheir water use.
savings of nearly 3.5 mar per year over current Estimates of future conservation potential

California projections for 2020. for the non-residential (commercial and indus-
trial) sector are around 20 percent (EBMUD

2. Non-Residential Water Use 1994). Table 16, for example, shows the conser-
vation potential in a set of California’s major

Residential water use accounts for just under industrial groups calculated by one industrial
60 percent of urban water use. The remaiixingstudy (Wade et al. 1991). This study looked
urban use is divided among the commercial, only at available conservation potential for
industrial, and municipal sectors. Much corn-half of California’s water-using industries and
mercial water use can be saved with technolo-did not consider the potential for substitution
gies and policies similar to those available inof reclaimed water. Nevertheless, this analysis
the residential secton The potential for thoseprovides background for estimates of future
improvements has been documented else- efficiency improvements in the industrial
where (Gleick, Stewart, Norman 1994). secton

The substantial improvements in water-use The Institute projects that the industrial and
efficiency achieved by several individual indus-commercial sectors in 2020 will be both more
trial corporations over the past decade are alsowater efficient at what they do and restruc-
indicative of the kinds of savings possible in tured toward less water-intensive practices.
the industrial sector as a whole. The reuse andIn the first case, we project that the average
recycling of cooling water, for example, wouldwater-use efficiency for each component of
considerably reduce industrial water demandsCalifornia’s industrial sector will increase by
for many large industries, about 20 percent - the average improvement

Standard Industrial 1989 Industrial Water Use Potential Conservation Percent Savings
Classification Codes Industry Group (thousand acre-feet per year) (thousand acre-feet per year) (percent)

20 Food Groups 82.3 10.0 12.2

281 Chemi~ls 27.2 11.0 40.4

372 Aircraft ~ 3.6 2.1 15.4

3S7 ~ncl 3fi7 Computers/Electronics I S.0 ~.9 2fi.0

TOTALS :~2’1.~ ~’1.0 ’19.0

a These estimates come from an incomplete survey of California industries and assume no change in technology.

Source: Wade et al. 1991.
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i~ water-use efficiency that could be achieved non-residential water use data. Nonetheless,

~,ith full implementation of today’s best avail-despite the uncertainty surrounding the

able technologies and industrial processes, impacts of the NEPAct on the non-residential

By 2020, new technologies will permit many see(or, especially during the early years, by

i~dustries to improve substantially beyond the2020 per-capita non-residential sanitary water

best available in 1990, but we do not include use will be substantially less than it is today. -

such projections here.
In the second case, total industrial water-useB. SUSTAINABLE -

efficiency is assumed to Lmprove an additional AGRICULTURAL
20 percent because of changes in the structure
of the industrial sector, as opposed to improve- WATER USI~,

ments within each industry. Such changes are Agriculture has long played an important
already underway. In the past two decades, l-irole in California. Much of the develop-
several major industries that are also water ment of the state’s water resources in the 20th
intensive have become much less important tocentury occurred with the idea that the water
California’s economy. For example, fabricatedwould be used by family farmers, ~hereby
metal products, petroleum and coal products,strengthening the nation’s democracy, building

and the primary metal.s.ector produced one- the state’s economy, and enhancing rural corn-
fifth of the state’s economic output in 1979. Bymunity. But despite the notable successes at
leg0, this had dropped to less than one-tenth,producing food, the vision of a strong rural
These industries were responsible for 25 per- community based on small, independent, fatal-
cent of California’s industrial water use in ly farmers portrayed by the 1902 Reclamation
Ig7g. During the same period, the manufactureAct has not been realized. Today, the challenge
of computers, electrical equipment, and scien-is to envision an agri-
tific instruments went from generating 17 per-cultural sector that is Mere ar~ m~r~ diffferent w’a~s for
cent of state GDP to nearly 25 percent, while vitally tied to rural ~r~cu~¢ra~ produc~ to
initially using only six percent of industrial livelihood and is con- the benefit ~f (heir surroun[~ing
water, sistent with the sus- c~mmun~ties. Given enough time and

From !980 to 1990, the combination of thesetainabflity criteria, i~fonna~o~, farmers bx~ve long sho~pn
changes reduced California’s total industrial Under almost any themselves to be flexible, dynamic,
water use by an estimated 33 percent (DW-K possible vision of and i~n~vadv~ in r~sFonse to water1994a, 1994b). We project that an additional 40California, the agricul- corcsC-~a~t~, technological changes, andpercent drop over the nc:~t 25 years, descn’bedtural community will a~t~rt~tiv~ a~ricultural policies.above, is well within the capability of the continue to play an
state’s industries. Comparable savings may beimportant ro]e in the
available in other non-residential sectors, future. The sustainabflity criteria mentioned

Urdike the residential sector where per-capi-earlier sketch only the outlines of what such a
ta water use is expected to drop dramatically ascommunity could look like. There are many
a result of the NEPAct water efficiency start- different ways for agri-
dards, the impacts of the NEPAct non-residen-cultural producers to
tial water efficiency standards for fixtures and use water to the bent-
fixture fittings are less certain. They do not fit of their surround-
take effect until January 1, 1997, and they ing communities.
allow some exemptions for safety showers, Given enough time¯ toilets and uri_uals used in prisons, and otherand information, .
products that require Unique designs and high-farmers have long
er flow rates. Some commercial toilets are alsoshown themselves to
allowed a higher water-use rate until they canbe flexible, dynamic,
be redesigned to operate retiably at lower vol-and innovative in

i
u_rae. Any non-residential analysis willbe response to water con-

Precise drip irrigntion technology c~n redoce vc~ter npplied tothrther complicated by limited availability of.    straints, technological m~ny crops. (courte~ of own.)
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changes, ~ud alternaGve agficultur~1 policies, an effort to estate the potenG~ conse-
Fa~ers face v~ous choices in water use quences for a~cul~raI water ~omands of

~ven ce~in cons~ainm ~d incenGves. In modi~g cropping pa~ems and fMlo~ng
general, farmers behave raNon~y, ~ng to l~d. ~e general pu~ose of ~e first set of
m~i~e profim, ~d for ~em, ~ter is mere-scen~os was to pro~de some Concrete esri-
ly one factor of producGon ~at affecm net mates for ~e ch~ges ~at would be necessa~
income. But fa~ers Nso make choices inde- to el~nate unsus~able ~oundwater use.
pendent of profit m~m~Gon; expeNence, ~e second set of scenaNos pro~des more
f~y ~adiGons, ~d communiW vNues ~ comprehensive estates of ~ effect of
factor into ~e~ decisions. More water use doeschan~g cropping pa~ems on water use
not necessaNly imply a heal~ier communi~;and crop revenue.
nor does less water use imply economic losses,
as we demons~ate below. Sho~-te~ choices 1. E~~g Gm~dwater
~at affect water needs include what crops to Ovo~ ~ 2020 =
~ow, what sources of water (includNg ~oundIn ~e foHo~g a~culmrN scenarios, we
water and surface water) to use, and how to e~lore how ~oundwater overdr~ could be
~gate. In ~e long-te~, fa~ers ~e able to eli~ated by ~e year 2020 ~ ~n~ neg-
~vest in more efficient ~gafion technolo~, afive impacm on ~e a~c~mr~ commu~W.
increase efficiency of on-fa~ delive~ Long-te~ over,aft of ~oundwater continues
systems, insM1 more to be ~e major, u~us-
~oundwater pumping ~ meet th~ s~abffiN ~t~a, a m~able practice in
capaci~ or on-farm s~-~zt~d~ ~’s~em af~o~ndwater moni.. CMifomia a~culture.
surface storage, per- ~o~g ~d re~ta~o~ N~t b~ impIe- Ns pFacfice persis~
manenfly retire land, ~,~n~d, ~d ~e !ong-te~ ov~’d~ft of because ~oundwater
or leave N~ing alto- ~r~q wa~ must be e~minated, use is heifer mo~-
ge~er. ~ ~ese long- tared nor re~lated ~
term decisions by a N~er have different most major ~oundwater bas~s. ~ meet ~e
~pacts on California’s water supply, sus~nabfliW criteria, a state,de system of

~e follo~ng scen~os were developed in~oundwater mo~mfing ~d regulation must
be ~plemented, ~d ~e long-te~ overdraft
of ~ound water must be el~nated.

M~ough ~ere ~e o~er unsus~nable prac-
rices associated ~ a~c~mrM water use,

Hydrological Region lgg0 2020 ~oundwater overdraft has been one of ~e
(~ousand a~e-f~t) most pezsistem. I~ fact, problems associated

~ ~oundwater overdraft have long played a
Noah Coa~                           0                 0
~.:- ~=:=....~:.~r~,.~,~:~.~.:~:~.~-~~=~~.~ role ~ jus~g major public wor~, such as
~:4~~:~,~:*~’~.~-~,;.:~g~i~i~5~2r~3r~:*~.~.~.~~N~*~?~4~ ~o Cen~M V~ey ~oject. Yet in 1990,
Central Coast 250 250 CMffomia sN1 had 1.3 mM of ~oundwater

South,Coa~ ¯ .’:::~,,~,~a:.’,,~::.*~.~0~,~:~:’~N~. ~. ~ :~::.~,~eye,raft, not including emeNency pumping
Sacramento River 30 30 due to ~e drought. According to projections by
; ~ ~=~~..~,a~ ......~.~..~,~.=.~:~.>,,a.~=~,~=~.:~;~,,.-,,,~:~~~’~ ~e D~ ~oundwater overdraft can be expect-

Nlare Lake                          650               590                                                     "
2020. ~bl~ 17 shows D~ ~sfimates of ov~r-

..................... ,~" .....~:.-:~’,~,. ~. .......~ ............~:-~ ~;~~:~.:~ dr~ in 1990 ~d 2020.
South ~hontan 70 70 A vafieW of measures cord be used to elim-

CALIFORNIA TOTAL 1,310 1,010 more water ~om five~ ~d s~eams or buff&
ing major new supply projects. ~ese have

All numbers are from DWR 1993, except those for the rulare Lake Region, which a~ based
on 199~ figures. The 60 thoumnd acre-feet savings in the Tulare Lake region #ore 1990 tobeen ~e ~a~fional responses. Because ~e
2020 is based on the expeaod overdraft redu~ion given in DWR 1993. SDS~Dabfli~ c~te~a require ma~ining a
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.

minimum amount of water for ecosystems, cropland to higher-
and because new supplies to offset groundwa-value, lower water-
ter overdraft are unlikely for political and eco-using crops. In this
heroic reasons, our analysis focuses on method, acreage of
changes in cropping patterns and total irrigatedthe water-intensive
a~reage, crops are reduced in

Our basic assumptions are fairly straight.for-each region, and the
ward and conservative. We assume no improve-land freed up is pro-
ment in overall irrigation efficiency, despite portionately reallocat-
the fact that substantial improvements in someed to the other less
areas are both possible and likely. We assumewater-intensive crops

Cotton - a relatively water-intensive, low-valued crop - being
nO improvements in crop yields in order to already grown in the harvested near Kettlernan City, California. (Courtesy of DWR.)
increase revenues, though again, such region. This method --
improvements are both possible and likely, gives a more positive
Instead, we focus on shifting crop productionestimate of the impact
away from low-valued, high-water-using cropson agricultura!
towards higher-valued, low-water-using crops, income.12 The predict-

ed impacts of achiev-
Z. Methodology ing each scenario’s

The two scenarios are based upon reductionsobjectives can be tea-
in low-value, water-intensive crops: irrigated sonably expected to
alfalfa, pasture, rice, and cotton,n The first setfall somewhere in
of projections, the "Balanced Groundwater" between the fallowing
scenario, reduces irrigated alfalfa and pastureand crop-switching
acreage within each hydrologic region to the estimates.

Cows grazing on irrigation pasture in central California.point where the amount of water saved equals We note, however, (Cou~esy
the amount of groundwater overdraft projectedthat many of the corn-
by DWR in 2020. The second scenario, plexities associated
"Agricultural Restructuring," also eliminates with crop switching are not accounted for in
groundwater overdraft, but, in addition to the scenarios. For instance, economic consider-
reductions in alfalfa and pasture, the acreage ofafions such as the increased costs of produc-
rice and cotton are scaled back to 1960 levels, fion associated with converting alfalfa and
While the first scenario explores the minimumpasture acreage to higher value crops are not
changes needed to correct groundwater over- considered. Also, a portion of the land in each
draft, the second scenario analyzes the effectshydrological region now used to grow these --
of a more streamlined, highly productive agri-crops is considered marginally productive,
cultural industry, and therefore may not be suitable for other ¯

In each scenario, two water-reduction crops. For simplicity, it is assumed that in the
approaches are used to give a range of esti- crop switching cases, all the existing crops in a
mates of the total irrigated acreage and the region can be increased proportionally to make
economic impacts on agriculture. In the first up for acreage reductions in alfalfa and pasture
approach, cropland freed by alfalfa and pastureand other low-value water-intensive crops, and
reductions is left fallow. This method of reduc-that crops not currently grown in a particular
lug agricultural water use will have the great- region are not introduced.
est impact on agricultural revenues and thus The scenario calculations are carded out in
produces the worst-case impacts on the agricul-the following manner. First, average unit evap-
tUral sector. The second approach reallocates otranspiration of applied water is computed by

~ Although other field crops and corn generate lower revenue per unit consumed water than cotton, they are less water-
intensive than cotton..&nether reason we chose to reduce cotton acreage in our scenarios is that it is currently the

~2 tote s largest single crop m terms of trngated acreage,                                                                     ¯
The best case economic outcome would come fi~om assuming that all land taken away from water-intensive, low-value

~
C~ops is reassigned only to the highest valued crop grown in a region. We did not explore this option.
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crop for each hydrologic region using DWR alfalfa and irrigated pasture, must fallow an
figures (1994a). Then, to calculate consumedadditional 115,000 acres of other_crops to elirai.
water, these unit evapotranspiration figures arenate groundwater overdraft. The Central Coast
multiplied by the projected irrigated acreage is particularly affected because 21 percent of
for each crop in each hydrologic region. The its total water use in the year 2020 is expected
calculated water use for 2020 using DWR’s to come from overdrafted groundwater. Even if
irrigated acreage predictions serves as the basethe Central Coast were to grow _no alfalfa and
case scenario. Water savings from our scenar-pasture in 2020, there would still be over
los are compared with this base case.z3 150,000 acre-feet of overdraft. Loosening the

The impact on agricultural revenue is deter-constraints on this analysis somewhat could
mined by multiplying the total irrigated have permitted fallowing of low-valued crops
acreage of each crop by the average revenue in other regions and transferring water freed
per acre in !988 as reported in Sunding et al.up to the Central Coast region to maintain pro-
(1994). The revenue estimates should be con-duction of these high-valued crops. In reality,
sidered very approximate. Actual economic such transfers are likely to occur, but we chose
impacts wil! depend on a wide range of factors,not to include that poss~flity here.
including actual market prices, federal subsidy In the crop reallocation case, reductions in
programs, and complicated third-party impactstotal crop acreage are required only in the
from switching crop types. More detailed Central Coast and Tulare Lake regions. In the
analysis using more sophisticated agriculturalother three regions -- sacramento River, South
market models will ultimately be required to Lahontan, and Colorado River - overall acreage
resolve these questions, stays the same, but enough water is saved to

eliminate groundwater overdraft by proportion-
3. Balanced Groundwater ally increasing all other crops grown in each

Scenario (BGS) Results region to make up for reductions in alfalfa and
The main objective of this scenario is to elimi-pasture. In Tulare Lake, the com~plete fallowing
hate the estimated annual average one millionof alfalfa and irrigated pasture land is offset by
acre-feet of groundwater overdraft in the year a slight increase in acreage of all other crops
2020 by reducing alfalfa and irrigated pasturefrom the DWR’s 2020 projections.
acreage. As shown in Table 17, groundwater Overall, elimination of groundwater over-
overdraft is expected to be a continuing draft in 2020 in this scenario requires a reduc-
problem in half of the state’s ten hydrologic tion in statewide irrigated acreage of only 4.1
regions. Tulare Lake alone accounts for aboutpercent in the fallowed land case and 3.3 per-
58 percent of the state’s groundwater overdraftcent in the crop switching case. What is the
in 2020. Tables 18 and 19 compare the resultscost to agricnltural producers to achieve this
of both fallowed land and crop switching casesgroundwater balance? Intuitively, one would
of the BGS to DWR’s 1990 and 2020 estimates,think that severe negative economic impacts

Compared to DWR’s 2020 projections, mostwould coincide with significant reductions in
of the reductions in irrigated acreage in the fal-water and land use by the agricultural sector.
lowed land case occur in the Central Coast andIn fact, at the state level, the opposite is true.
Tulare Lake regions with only small reductionsUsing 1988 estimates of crop farm revenues,
in the Sacramento River, South Lahontan andthis scenario results in a net farm revenue
the Colorado River regions. In this case, the increase from 1990 of $149 million in the fal-
Central Coast and Tulare Lake regions accountlowed land case and $454 million in the crop
for 86 percent Or 232,000 acres of the statewideswitching case, as higher-valued~_crops begin to
reductions in alfalfa and pasture. The Centralsubstitute for alfalfa and pasture. The growth
Coast, in addition to a 100 percent reduction inin farm revenue in the crop switching case

zaOur calculations of consumed water do not match agricultural water use figures in DWR’s Bulletin 160-93 report . .
because our method of calculating total consumed water does not include additional "irrecoverable losses." These l~
es are included in the DWR’s "depletion" figures for the state (DWR 1994a). By reducing overall consumed and apPlZS
water use in agricultural, these losses will be reduced by our approach as well.
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Crop Area Irri~ated (thousand acres)

Hydrol.~Jical 1990 2020 2020 aalaoced Groundwater Scenario
Region DWRa DWRa Fallowed Land Crop Switching

North Coast 326 346 346 346

Central Coast 528 566 4~ 2 4~ 2

Sacramento River 2,145 2,186 2,175 2,186

Tulam Lake 3,212 3,061 2,871 2,911

South Lahontan 61 48 32 48

~lifornia Total 9,570 9,302 8,918 8,998

Water Consumed {thousand acre-feet)

Hy_drol.ogical 1990 2020 20Z0 Balanced Groundwater Scenario
Keglon DWRa DWR~ Fallowed Land Crop Switching

North Coast 504 553 553 553

Central Coast 758 800 551 551

Sacramento River 4,745 4,783 4,754 4,754

Tutare Lake 7,001 6,431 5,841 5,841

South Laho~tan 248 204 134 134

California Total 21,261 20,147 19,137 19,137

Crop Revenue (million 1988 dollars)

Hydrological 1990 2020 21)20 Balanced .~r.oundwater ~;cen~rio
~egion DWRa DWRa Fallowed Land Crop Switching

North Coast 265 304 304 304

Central Coast 1,461 I,~00 1,237 1,237

Sacramento ~iver 1,839 1,999 1,995 2,034

Tulam Lake 4,123 4,439 4,348 4~486

sau~ Lahon~n 40 27 20 gl

California Total 12,191 12,811 12,340 12,64S
a DWR num~m are derived from DWR 19~a.
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minimally fulfill the

sustainability criteria,
"~.7 :_ :" :- °- :~~. ::.:~- ~ .:.~.~.>.";::: the Agricultura!

. .-. . ~:. 2.; °. : ’ .,. :... :2_ ~_ 2 .L:..,-?.-..:, ;~- ,:-...-.... Q " Restructuring
.i ’. : -? / .::.;- ~; i: _.;._’z:::.:.:. ~::z::, " Scenario (_A_,RS)

1990 2020 Balanced Groundwater Scenario explores the sensitivi-
Crop DWR DWR Fallow Land Crop Switching ~ of ag-£~cultural

water demand and
Grain 988 909 . 904 928 revenue to further
Rice 517 498 498 5i3 " " changes in state crop-
Cotton 1,244 1,194 1,194 1,236 ping patterns. In addi-

Sugar BeetS. . " 216 ~
197 ¯ ’~ " " ......

~ . ............ -. Ig6 ’ " . 2_0__2....: _ -., tion to saving 1.01

Corn 403 409 408 415 mar of groundwater

Other Field. 491 . 455 .... .45.2" ’ 2., ."~:..:. :4.64 ~ .........
overdraft as descEbed

- above, this scenario
Alfalfa 1,135 947 725 622 explores further

-" : ............... - ......... 766 .....Pasture.. "..r " 956 . . r 813 " , "~: " .’--’~ . "’:’4:":’’i’":~’’’~: :’:::;’’°’: reductions in the
Tomatoes 352 338 335 343 acreage of two other

OtherTmCk,       ........,.,......-.., ... .-. ...."" ’U5 ,.::.., " . . ......::3N;i:i: ......: 2i ~’ water-intensive, low-

Almond/Pistachio 510 561 561 572 value crops -- cotton

jects only slight
Subtropical 419 392 389 394

declines of 698,000

~0TAL CROP AREA 9,570 9,302 8,919 8,998 cent) of rice and cot-

Source: DWR numbers are from DWR 1994a.
ton acreage between
1990 and 2020. We
assume that between

would have been even higher but for the 1990 and 2020 irrigated rice and cotton acreage
decrease in farm revenues from the Central is slowly reduced by about one-third, back to
Coast region. This cost to agriculture in the the levels planted in 1960 - a comparable 30-
Central Coast area must be weighed against theyear period of change. In 1960 there were
potentially far worse economic effects of con- 375,000 acres of rice and 810,000 acres of cot-
tinued groundwater overdraft in the region, ton irrigated statewide. Irrigated pasture, which
which could lead to salt-water intrusion in decreased in acreage by about 40 percent
some areas, rendering groundwater suppliesbetween 1960 and 1990 is assumed to drop
unsuitable for farming. Compared to the agri-another 40 percent over the next 30 years. We
cultural revenues implied by DWR’s 2020 cropassume that the acreage of alfalfa, which drops
mix, agricultural revenue in California in the45 percent between 1990 and 2020 in order to
fallowed land case is only 3..7 percent less thaneliminate groundwater overdraft in the
with the groundwater overdraft. In the crop Balanced Groundwater Scenario, drops no fur-
reallocation case, state agricultural revenues ther. These assumptions envision California
only drop 1.3 percent. This range of costs to agriculture as a highly productive and efficier~t
eliminate groundwater overdraft are indeed enterprise, using much less water overall to
small considering the benefits of sustainable produce more higher-value crops. Tables 20
agricultural water use. and 21 summarize the results of this scenario.

In the ARS fallowing case, all ten hydrologi~
4. Agricultural Restructuring regions experience reductions in irrigated

Scenario (ARS) acreage compared to DWR’s 2020 forecast. The

While the Balanced Groundwater Scenario decrease of lag,000 acres of rice in the

gives an indication of the changes necessary toSacramento River region accounts for most

7O
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Crop Area Irrigated (thousand acres)

Hydrologi~l 1990 2020 2020 Aaric~l~ral Res~urino Scenario
Region DWRa DWRa Fallowed ~nd Crop Switching

No~ Coast 326 3~ 315 346

Cen~al Coa~ 528 566 412 412

5a~am~to Riwr 2,145 2,186 1,977 :- 2,1~6

Tulam Lake 3,212 3,061 - 2,565 3,058

5ou~ Lahon~n 61 - ~ 29
~ ~

- 48

California Total 9,510 9,302 8,219 9,a4s

Water Consumed (thousand acre-feet)

Hydrological 1990 2020 .2020 A_uricu|l~ural Restructurin_u Scenario
Region DWRa DWRa Fallowed,Land Crop Switching

No~ Coast 504 553 491 529

Cen~al Coa~ 758 8~ 551 551

5a~amenm River 4,745 4,783 4~161 4,478

Tuhre ~ke 7,001 6,4~ 5,0~3 ~,~I

Sou~ tahontan 2~ 2~ 121 134

California Total 21,261 20,147 17,233 18,687

Crop Revenue (million 198~ dollars)

Hydrologi~l 1990 2020 2020 A~dml~ral RestruaurinF S~enari~
Region DW~a DWRa ~llowed ~nd Crop Swlt~ing

NO~ Co~t 265 3~ 294 332

Cen~al Coast 1,461 1,600 1,237 - 1,237

Sacramento River 1,839 1,9~ 1,911 2,200

Tulam Lake 4,123 4,439 4,113 " 5,171

So~ Lahontan 40 27 19 91

California To~l 12,191 12,811 11,920 13,69~

~ DWR number~ are deNved &ore DWR 19~a,

71

D--045652
D-045652



Califoraih Water 2020: A Sustainable Vision



Where Do We Want To Be: Galifornia Water 2020

::2 =~:

centra! Coast and 2glare Lake are dispropor- is optimistic, these changes are still modest
tionatdy affected in the fallowing cases. In theco .mpared to what could be done, such as
most optimistic crop switching case of the serious changes toward efficient production,
Agricultural Restructuring scenario, 1.5 mar low-water using crops, greenhouse production,
of water are saved with only a 1.7 percent ornamental exports, and aggressive crop genet-
decrease in irrigated acreage compared to ics. We chose not to explore these more aggres-
DWR’s 2020 projections. Meanwhile, total sive possibilities. To give an idea of how little
revenues are estimated to be $882 million we really changed the agricultural sector, even
higher than the $12.8 billion in revenues esti-under the ARS scenario alfalfa, irrigated pas-
mated using DWR’s 2020 projections. Even inture, cotton, and rice will still account for 29
our worst case, the fallowing case of the percent of California’s irrigated acreage and 38
Agricultural Restructuring Scenario, total percent of the state’s agricultural consumed
agricultural revenues decrease only seven water. This future vision is one of a more high-
percent compared to revenue estimates usingly productive agricultural sector that uses
DWR’s 2020 forecast. While the Institute recog-water much more efficiently, but it still looks
nizes that it is impossible to accurately predictmuch like the one that exists toddy.
the price of specific farm products thirty years While we calculate only the direct impacts
into the future, the basic trends hold true. of these scenarios, the actual affects on the
An increase in the production of high-value, farmers and the surrounding communities will
labor-intensive crops such as fruits and marketdepend on the measures used to accomplish
vegetables and a reduction in low-value cropsthem. In particular, we did not analyze the
such as alfalfa and irrigated pasture will help indirect impacts on associated industries such
California’s agricultural economy.    : as livestock and dairy, agricultural employ-

Thus, for the vision of 2020 presented at thement, and those living in rural agricultural
outset of this report, we believe that the crop communities. These effects are important and
switching case of the Agricultural Restruc- must be considered in fashioning paths toward
tufing Scenario is feasible. While this scenariothe future we envision. Crop and water subsi-

Balanced Groundwater Scenarios

1990 2020 2020 Percent Change 2020 Percent Change
California Totals DWR DWR Fallow land 1990-Fallow Land Crop Switching 19g0-Switching

Irrigated Acreage (thousand acres) 9,570 9,302 8,918 -6.8 8,998 -6.0

Total Revenue (million 1988 dollars) 12,191 12,811 12,340 1.2 12,645 }77

Agricultural Restructuring Scenarios

1990 2020 2020 Percent Change 2020 Percent Change
California Totals DWR DWR Fallow Land 19g0-Fallow Land Crop Switching lgg0-switching

irrigated Acreage (thousand acres)               9,570 9,302 8,219 -14.1 9,145 -4.4

Total Revenue (million 1988 dollars) 12,191 12,811 11,920 22.2 13,693 " I--2.3

SOurce: DWR 1994a and Pacific Institute Analysis.
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dies and their role in sustaining small familyFar better knowledge of natural processes and
farmers and agricultural employment should human interactions will be needed to guide
also be considered. The possibility of investingthese decisions.
the gains from water transfers and environ- While the scientific understanding needed
mental restoration into rural community and for good management is improving, there are
economic development should be explored, still great uncertainties in determining envi-
Finally, new programs to encourage agricultur-ronmental water requirements. In the absence
al practices that save water, increase economicof scientific certainty, it is advisable to take a
opportunities, and protect the environment precautionary approach towards the environ-
need to be implemented, mental implications of water management. In

p~rticular, water poticy should be designed to

C. SUSTAINABLE avoid irreversible environmental impacts, such
as species extinction and destruction of unique

ENVIRONMENTAL habitats. The key to such a strategy is flexibili-
WATER USE ty. The rest of this section descrflges the

H uman development has forever changedprocess that we believe should guide sustain-
California’s natural environment.    . able environmental water management.

Urbanization, agriculture, and the creation of
1. Determining Environmentalextensive water infrastructure to supply our

cities and industries have all transformed nat- Water Needs
ural ecosystems. In some cases, shrinking The ecosystems for which water must be main-
habitats, polluted air and water,~ or changes inrained include both natural ecosystems where
natural water flows have forced species into there is minimal human interference and
extinction. In other cases, humans have beenecosystems that are highly managed by

able to coexist to vary- humans. In some cases, water needed for envi-
Water policy should be designed ing degrees with the mnmental purposes will exclu~e consumptive

to avoid ir~everslbte environmental surrounding flora and human uses, such as when society chooses to
impacts, such as species extinction and fauna. Because water preserve free-flowing rivers. In many other
destru~Hon of unique habitats. The koA resources are so vital cases, environmental goals will be reached

to s~h a str~teg~j ~ fl~x~b~Tit~, for environmental while also pursuing human uses. For example,
quality, the sustain- flooding rice fields improves rice production,
ability criteria present- while simultaneously providing wildlife habitat

ed in Section III require that water quantity and satisfying air quality concerns. However,
and quality be explicitly and flexibly managedbecause environmental water needs can some-
to maintain the health of ecosystems, times be met in conjunction with human

Determining exactly what environmental needs, and because the timing of envirdnmen-
water requirements should be, however, is antal water allocations must vary seasonally and
extremely difficult task. First, scientific infer- year-to-year, it is sometimes difficult to accu-.
marion must be gathered about the complex rarely quantify ecosystem water needs in the
interactions among water quality and quantity,same manner as urban and agricultural water
and ecosystem health. Then, societal judg- demands. Societal decisions will have to be
monte need to be made about what level of made regarding the degree to which ecosys-
ecosystem health is "enough" if other societalterns should be maintained or restored and the
goals conflict with maintaining pristine ecosys-indicators by which to measure ecosystem
terns. Finally, other water-management ques-health.
tions will have to be answered: how much Rather than viewing ecosystems as direct
water is needed .to meet environmental goalscompetitors for water resources, an integrated
during average and drought years, which management framework should be adopted. In
human and environmental purposes can be this framework human and ecosystem uses oxe
fulfilled simultaneously, and at what rimes considered together and, where possible, are
should water be allocated during each season?satisfied simultaneously. Managing water and
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environmental resources in an integrated wayfederal levels. Long-term Bay/Delta standards

r~akes sense since each region is connected bythat include both technical and institutional

the flow of water. Activities upstream can haveapproaches to protect vulnerable species at

severe impacts on ecosystems and economiccertain times of the year and to maintain water

production downstream. Properly integrated quality should replace the interim standards.

v~atershed planning can maintain the adequateWater should be allocated to restore some of

mosaic of habitat to sustain environmental the native anadromous fish runs in the San

goals as well as to allow economic develop- Joaquin River and elsewhere. There should be

ment in appropriate and manageable areas, no further net lo~s of wetlands, greater efforts

Various environmental goals have already should be made to restore degraded wetlands,

been set by public actions and are descn~bed inand sufficient water should be reserved for pro-

" Section W. These goals include preservation oftected wetlands. Opportunities for the integrat-

stretches of several northern California riversed management of agriculture and seasonal
through the federal and state Wild and Scenicwetlands should be pursued further. And, as an
Rivers acts, minimum flow requirements in added goal, attempts should be made to return

some river stretches, protection of wetlands high-altitude mountain waters t6 pure, drink-

and endangered species, and restoration of cer-able conditions.
rain anadrom0us fisheries as required by the Much effort is required to restore ecosys-
CVPIA. In December 1994, after years of nego-terns that have been severely damaged by past
tiations, an interim agreement was reached onwater development. How much restoration and
quality and outflow requirements in the Bay- at what quality will have to be guided by a
Delta, although questions about implementa- democratic political process that includes local
tion of the plan still remain to be resolved, communities. When local communities are
These acts are only the beginning of a new eraadversely impacted by restoration efforts,
0f joint water and environmental management,funds should be made available to mitigate the _

Achieving these goals will require political impacts. Through improved private and public
consensus and flexa’ble institutional structures,stewardship of our natural resources, California
Ultimately, management will have to follow ancan pursue more environmentally-compatible
adaptive model where decisions are to be forms of economic activity.
reviewed frequently based on the latest infer- Land-use planning and water-resources
marion and caution is to be exercised with management must be explicitly linked, even in
respect to possible irreversible actions, remote areas normally thought of as pristine.
Standards and indicators of ecosystem healthFor example, an appro-
.need to be further identified, improved upon,.,priate goal, described
and monitored on a continuous basis, briefly in the opening

Monitoring can be accomplished through net- Vision section, is to
works and coalitions of both governmental andrestore drinkable
non-governmental agencies, streams to the Sierra

Nevada. In recent
2. Environmental Vision 2020 years, the formerly

By 2020, California’s natural environment canpristine streams
be substantially revitalized. Because total urbanof the high mountains
and agricultural water use can remain constanthave become contami-
or decline between 1990 and 2020, more waternated and can no

Melting snow in the Sierra Nevada provides much of California’scan be made available to protect preserved longer be used for water. (courtesy of DWR.)
rivers, streams, and wetlands, restore aquatic,drinking without some
Wetland, and riparian habitats, sustain popula-form of treatment
tions of threatened and endangered species, because of Cattle grazing, large numbers of
and maintain water quality. Specifically, waterhuman’users, and poor sanitary behavior.
in California’s Wild and Scenic Rivers mustRestoring these streams to drinkable levels
continue to be protected at both the state andwould require more comprehensive land-
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management policies on the part of land objective to some degree. Lands undeT federal
managers and better education of the users ofand state management should be identified for

that land. wilderness designation, with the highest Priori-

For urban and rural development, land-usety given to those watersheds that are most crit-
management is also a vital component of prop-ical to maintaining water quality, endangered
er water management. Rather than building species, or vital habitat.
first and then finding tile water, the potential
demands for water from proposed develop- 3. Summary

ments should be assessed in the planning Where will the water come from to achieve
stages. Developers should have to demonstratethis vision? While the DWR predicts that the
that they have a secure and adequate supplynet agricultural and urban water demands will
of water that will not require further environ- total 39.2 maf in 2020, our vision as summa-
menta!ly-harmful water development, rized in Table 23 projects a combined net water

Lastly, areas that are largely undeveloped demand of only 35.3 mar. Compared to project-
should be preserved and protected for future ed average year supply of 37.5 mar, we project

.. generations. The State and Federal Wild and no gap between supply and demand._ Rather,
Scenic Rivers acts already accomplish this there is a modest cushion of 2.2 maf, which

can remain flowing in rivers and streams.
Furthermore, intelligent use of reclaimed

T~b~ 23 water may permit a further reduction in
~miari~on of Itat¢~ 1~!~¢~ ~� LWII a~i ilII Vi$i~ potable water requirements in.urban and

DWR DWR Vkion
agricultural communities, decreasing pressure

1990 2020 2020 on natural ecosystems during droughts. Our
California million acre-feet vision is, therefore, accomplished through

conscientious and feasible urban and agricul-

Agricultureb 26.8 24.9 23.3

Urbanc 6.8 10.5 8.2

Societal Net Demand 33.6 35.4 31.5

Wetlands 1.1 1.3 1.3

Additional Bay/Delta Outflow 0.0 1.0 1.0

Othere 1.5 1.5 1.5

Total Supplyf 35.1 36.9 37.5

Source: DWR (1994a) and Tables 1 and 2.
a Net Water Demand equals the sum of water consumed, irrecoverable losses, and
agricultural return flow or treated municipal outflow leaving an area.

~ Net agricultural demand ~r 2020 Vision calculated by adding irrecoverable losses and
outflow to Table l’s 2020 Consumed Water e~imate. Irrecoverable losses are calculated
at the same percentage of net demand as DWR3 2020 proje~ion. Outflow is assumed to
be the same as for DWR3 2020 pro]e~ion.

~ Net urban demand for 2020 ~sion is the same as Table 23 2020 Total Applied Urban
Water Use. We assume no reuse of water other than our e~imates of reclaimed
water use.

d 2020 ~sion assumes that Other Demands are the same as DWR 2020.
e Other indudes major conveyance losses, recreation uses, and energy produ~ion.

f Total supply for DWR includes reclaimed wate£ The 2020 ~sion ~gure includes our
higher e~imate of reclaimed wate~
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A
desirable vision of the future is of be provided to manufacturers to speed product
limited value without any guidancedevelopment, optimize production, and thus
how to get there. The vision laid outreduce market prices. Incentives can be
at the beginning of this report was provided to water agencies to purchase these

’din/eloped making straightforward assumptionstechnologies and instal! them for customers.
about the role and availability of technology, Incentives can be provided to industry to alter
the applicability of different policies, and the water-using processes. And incentives can be
behavior of institutions. There is no need to offered to individuals to purchase and install
assume any magic formulas or new technolo-equipment to reduce water demand. Savings
ties to reach a sustainable water future; nor isare available in every sector. Technologies and
there any need for heroic actions on the partbusiness practices in which water-efficiency
of any individuals, organizations, or sectors, improvements are avaflable are described
The kinds of decisions and institutions neces-below for a variety of sectors.
sary to move toward this positive vision are lit-
fie different from the kinds of choices already 1. Residential Sector
available. This is the good news. The bad news
is that there is no assurance that policymakers a) Residential Bathroom

and Kitchen Fixtures
and the public wil! agree on the goals to seek
or on the ways to reach them. This section For several years now, electric utilities have

offers some guidance for the kinds of tools thatbeen developing and offering a wide range of

have proven effective in California and else- programs to try to save energy by increasing

where that would move toward achieving the residential energy-use efficiency. These pro-

vision described above, grams include educational programs, improved
availability of effi-
ciency equipment for

A. TECHNOLOGIES AND customers, the direct neeess~.7~ t~ ~o’,ve ¢ow~.rd ~h~
PRACTICES TO REDUCE installation of such

~n .~re ~itt~¢ ~iffer~t from the
equipment, and audit    ~f choices ~-~re~y ~v~ffab~e. ~ is

WATER REQUIREMENTS programs. The same good news. T~ b~ n~’~’s ~ ghat �here is
~’ater-using technoIogies play an importantpotential exists for
t v role in determining the level of water water, and water utfl-

~’~o assw.rance that ffo~g~c~_~’r~ a~

needed to satisfy particular demands. As a ifies are now begin- the ~ubI~ wi~.I aff.~ee on (~ gongs to

result, attention has focused in recent years onning to implement or o~ ~’~ w~s ¢o r~ach

both understanding water demands and on similar activities. In -
developing and marketing new; more water- addition to water savings, improved water-use
efficient technologies to meet these demands,practices can also save substantial energy and
Many such technologies are available for everyreduce investments in wastewa~er treatment
sector, ranging from low-flow toilets to elec- programs.
tronic controllers on irrigation equipment to Some water unities are now beginning to
sophisticated changes in industrial processes,offer direct distribution and in~ta!lafion of

If no technologies are available on the mar-.water-efficiency technologies, at no cost to con-
ket, they must be developed to commercial sumers. Many of these technologies are more
levels. If they are on the market but too expen-cost effective than building new infrastructure,
sire, their costs to the consumer must be with rapid paybacks to the utility from water
reduced. Financia! or regulatory incentives canand energy savings. For utility programs, few
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new financial incentives are likely to be neces- (Jones 1993). The largest barrier to wide distri.
sary, though the cost of operating the programsbution of these devices appears not to be their
should be recoverable, cost,, but lack of information about their say-

There is a direct connection between ings, concern about their quality, and uncer-
, increased efficiency of water use and other tainty about how to acquire and install them

sustainability goals, such as increasing energy(Gleick, Stewart, Norman 1994). Programs that
efficiency. For example, reducing water use infocus on reducing these barriers are needed.
residential and commercial bathrooms and Ultra-low flow toilets (ULFT) ~an reduce the
kitchens will have a direct effect on reducing amount of water required to dispose of wastes
energy use for heating water, and on the emis-by as much as 75 percent and are now
sions of air pollutants from that energy use. required by the 1992 NEPAct. ~nile this will
Table 24 shows an estimate of the average U.S.change the water use in new construction and
reductions in water use expected to result fromremodels, additional incentives or ordinances
the conversion of residential water fixtures tomay be needed to get ULFT into existing build-
more efficient models, as required by the ings. In this case, additional financial incen-
National Energy Policy Act of 1992. Also shownrives to manufacturersI distributors, builders,

and contractors can increase their penetration
into the retrofit market. Some water agencies

Fab.~e 2.-’~ and utilities are offering some form of rebate
~2~ter ~J~e~ Energy ~e~ar~, ~d ~&m~.e~-"~ Pag~:~n’~to encourage customers to purchase and install

,&s$¢~.¢~a~ed ~’IN N~c~e~’~a~ ~-~n~ ULFTs. The rebate can be a flat dollar amount,

Maximum Dally Utilit~ Annual~ Annual Atmospheric a percent of the sales price, or a flat rate
. Water Use ~lecttkal Demand ~missiens depending on the toilet price (e.g., $50 for a

Period (gallonslcapita) (kWl~r/capita) (IbslcapitalkWhO $200 toilet, $100 for a more expensive toilet).

Pre-1980 Hxtures 54.5 57 110.7 The Metropolitan Water District of southern
~.-‘~-~:,~;~r~‘’~‘~.~<:~~,~"~r.~‘r~.~:.‘~.~‘~‘~.~-~¢~ California, for example, offers its member
~ .... ~:~v.~:.~,~.:.~-~:~.~**~,~r~r~.~.,a~,:~,....:~,~v-.<o~agencies a one-time $154 per acre-foot of water

Post-1994 F~xtures~         21.4             22             43.4
saved in programs to retrofit low-flow toilets

using L6 gallonslflush toiler 2.~ gallons per minute showerheads, and 2.~; gallons per (T. Quinn, Metropolitan Water District, person-
minute ¢au~et~. al communication, 1994).
For heating ~ater.

!s~t the extreme end of the spectrum are
Source: Vickers ~993.

composting toilets that generally need no
sewer hook-up, septic system, or plumbing.

in this Table are the anticipated reductions inWhile these toilets are larger than conventional
unity electric energy demands associated withtoilets, they may be attractive options in
that water use and the per-capita emissions ofremote applications and sites with special
carbon dioxide, nitrogen oxides, and sulfur plumbing limitations. They may also be useful

dioxide (Vickers 1993). in small cottages or cabins where they are only
Over 77 percent of all indoor residential used periodically, though some ~lesigns func-

water use in California goes to toilets, faucets,fion best when used continuously (Rocky
and showerheads. A wide range of water-effi-Mountain Institute 1993). Coml~Osfing toilets
ciency devices are available on the market, reduce water used for flushing to zero, thus .
including ultra-low flow toilets and shower- eliminating about 35 percent of typical residen-
heads, toter tank displacement "dams," and fial indoor water requirements.
faucet aerators. For the most part, these
devices are inexpensive, and many manufac-

b) Residential Appliances

Several major indoor household appliancesturers are beginning to compete for the grow-
ing market. For example, in 1993 the Rockysuch as dishwashers and washing machines

Mountain Institute reported that there were consume substantial amounts of water. Unlike

over 17 manufacturers of high-efficiency show-residential bathroom fixtures, the number and

erheads producing over 30 different models quality of water-efficient appliances available
for sale are small, and their costs, relative to
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their water-inefficient cousins, are high. Strong(S. Hill, Seattle Water, personal communica-
incentives are needed to encourage manufac-tion, 1994). There are many ways to do this,
tarers and distributors to increase market avail-such as providing rebates to customers who
ability and share for these appliances, and forpurchase such machines, rebates to the manu-
consumers to purchase and install them. facturer remake up the difference in cost with

Several manufacturers are now beginning toconventional systems, or efficiency standards.

explore more efficient appliances, such as hod-Recent U.S. policy actions have focused on the
zontal-access washing machines. This teclmolo-development of new standards for manufactur-

gy appears to be a particularly strong candidateers, and a national committee comprised of

for direct financial incentives, though addition-utilities, manufacturers and federal regulators
al research is necessary to more precisely is now working to identify efficiency standards
~uantify actual water and energy savings in for large residential appliances to go into effect
home use. Horizontal-axis clothes washers near the turn of the century.

have long been popular in Europe and are now c) Residential Landscape
beginning to enter the U.S. market. At least Water Use
one U.S. manufacturer, Frigidaire/White The high use of water for lawns .suggests that
Westinghouse, produces a full-size, front-load,paying attention to the efficiency of lawn and
horizontal-axis machine, though a second corn-garden irrigation may produce large water sav-
pany, Staber, is introducing a machine. By ings in the residential sector. Typical residen-
some estimates, when compared with typicaltial irrigation methods are estimated to be only
top-loading machines, these machines require50 to 80 percent efficient, with the remainder
only one-third as much detergent and bleach,of the water evaporating, running off the land-
two-thirds as much total water, and one-third scape, or percolating to deeper soil levels.
as much hot water and energy for a compara-These low efficiencies suggest considerable
ble load of wash (Shepard 1992). Because of room for improvement. Simply correcting
the low-volume production, extra shipping these inefficiencies could result in as much as
costs, and more complex electronics and tim-a 50 percent savings in outdoor water use.
ing mechanisms compared to top-loading Incentives to install efficient watering equip-
machines., horizontal-access machines cost merit, or to replace high-use Iawns with
substantially more to produce. Some industrydrought-tolerant plants (xeriscaping), are also
experts believe, however, that due to effective ways to reduce residential water
economies of scale, there may be no signifi- needs. Table 25 lists options for landscape
cant price difference under full production. Inciency programs.
1992, Southern California Edison offered a $75 Among the barriers to improving residential
rebate for horizontal-axis washers, and the irrigation efficiency are lack of information to
Seattle Water Deparmaent is considering a consumers on actual watering requirements,
rebate to manufacturers to increase commer- low prices for water, and lack of incentives for
cial availability of these machines (A. Jones, architects, designers, builders, and managers to
Rocky Mountain Institute, personal communi-implement and operate more efficient systems.
cation, 1994, Barakat and Chamberlin 1994). Past approaches to reducing landscape water

A major joint study by Seattle City Light, theuse included watering restrictions and other
Seattle Water Department, and various unifiesmeasures that often led to decreases in garden
and manufacturers is now underway to evalu-quality. More recent efforts focus on maintain-
ate’horizontal.axis machines. The study will ing the function and quality of landscapes
include a laboratory analysis of actual perfor-while reducing their water demands, such as
raance, an in-home end-use study, and an through changes in technology, changes in
assessment of market barriers to adoption ofplant types, and more sophisticated operation.
efficient machines. There is a strong feeling, Recent experience has doc,umented that water-
however, that a market transformation is need-efficient landscaping not only reduces water
ed to bring costs of efficient machines down demand, but reduces the need for fertilizers,
to a comparable level with present machinesherbicides, fuel, and labor. For example, a 1990
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function on the time-of-day principle to central
Ta~]~ 2~ computer control systems, capable of integrat.

~@[~ ~ ~" La~’~ ing on-line information on weather forecasts
~gd~:~i"~~d ~~$

together ~ real-~e info~ation ~om
moisture sensors in ~e ~ound. ~ese more

Design and Management Oppo~unities Utili~ Program Options advanced syste~ are only ~se~l for

Altemstive supplies (gray- or reclaimed water) Awards l~ge l~dscapes and ~gatom. In some

Computer-controlled irri~ation Demon~ation gardens and l~ndscapes ~m~, in~o~ ~ o~ ~
can le~d to ove~atefing ~d an increaseComputerized plant sel~[o~                Design requimmen~ ~or ne~ buildin~
residential water use ~enggole~ 19~1).

Drip irrigation and improved sprinklers         Educational videos and pamphle~
Improved i~igat~on scheduling Landscape water-use audi~ Z. Indus~iM, Mu~cipM, ~d
In-depth planning and design Ordinances and re.fictions

InsfimdonM Sectors
Landscape design so,are Rebates

Lawn de-that~ing and aeration Seminam and workshops a) Ind~l, Municipa!,~nd
Ins~m~onal Water-Use ~uipmentUmited fe~ilization ~rafning for landscape professionals

Limited tuff areas and taller grass & ~de range of water-e~cient tec~olo~es or

Moisture meters bus~ess practices are becoming available for

Proper maintenance ~e indus~M ~d co~erciM sectors. Some of

Rock gardens, decks, and patios ~ese, such as e~cient cooling towe~s, are gen-
erM to many ~dus~es; o~e~, such ~ corn-Soil conditioning and mulching
mercial launde~ng, are spec~c ~o pa~cularSubsurface i~igation
sectors. Bo~ generM and spec~c e~ples are

Use of native ptan~
discussed below, but overM1, ~cen~ves to

(Source: chopin ~994) ins~ll more water-e~cient tec~olo#es and to
Mter practices to reduce water demand can be

study comparing conventional and water- effective in M1 sectors. ~s is pa~culafly
efficient landscapes in no~e~ CMifo~ia where new tec~olo~es are beaning
documented sa~ngs of 54 percent for water, appear and where ~e need for both education

25 percent for labor, 61 percent for fe~er, and i~o~a~on on Mterna~ve~ remains high.
44 percent for ~el, ~d 22 percent for herbi-~ ~ndus~M ~d municipM wa~er use For heat-

cides (Chopin 1994). ing, ven~a~on, ~d cooling requiremems can
~e cost of ~pro~ng residenfi~ i~gafionbe ~gh. For sou~e~ CMifomi~ ~nd o~er

efficiency can be bo~e by d~erent users, se~-afid re#ons, cool~g towers often use
including water u~i~es, homeo~ers, and one-third m one-half of ~ water, yet these sys-
builders. Water utilities can invest in such terns are often poorly managed and operated,
improvements ra~er ~an investing in new rel~ng on few or no elec~onic consols and
supply. Homeo~ers can ~vest to reduce once-t~ough cooling (J. Sweeten, Me~opolitan
water use and water bills. ~en building newWater Dis~ct, pe~sonM commu~cafion, 1994)’.
homes, ~e cost of ~s~ling water-efficient Incentives to alter operating s~les, to ~crease
landscaping can be appro~ately equal to ~ereuse by ~creasing system passes, or to ins~
cost of installing conventionM lan~caping, andcon~ol systems c~ often save substantial
can be m~ appro~mately equM by a set of quantifies of water, as we~ as reduce the cost
financial incentives when ~e costs are higher,of wastewater ~sposal. In addison, some new

FinanciM ~cenfives to manu£ac~rers to technolo#es, such as ozone ~eatment of cool-
produce more efficient equipment at compe~-ing tower water for disinfecting ~out che~-
rive prices, or rebates to consumers to put- cMs, may appear on ~e market ~ modest
chase such equipment can ~crease market economic encouragement. ~ese systems may
shares. For e~mple, a ~de r~ge of computerincrease ener~ use compared to conventional
controllers for lawns are available, in young systems, so ~e ~adeoffbe~een higher ene~
de~ees of sophistication, ran#rig ~om simpleuse and lower chemicM use must be care~lly

batte~-operated de~ces for home use ~at evMuated.
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The Metropolitan Water District, for b) Municipal, Industrial, and
example, suggests that process cooling water Institutional Landscape Water Usb

requirements in a section of the primary Large "tur~’ irrigators often consume substan-
metals industry in its operating area can be tial amounts of water, particularly in the west-
reduced from over 110 million gallons per yearern United States. Reducing water demand by
to under 30 million gallons per year with a these users is in part a question of modifying
simple payback period of 4.8 years (MWD taste and behavior, and in part a question of
1994). Similar savings are available in other installing alternative technologies, such as dual
industrial sectors as well. systems for reclaimed water, buried precision

Other high-volume commercial and institu-irrigation equipment, and more flexible sys-
tional water users worth further study includeterns to control the application of water.
laundries, car washes, sports/fitness centers,Among the equipment that could,_ or should be
certain fast-food restaurants, and toilets in available for improving the efficiency of large
commercial and industrial locations. Incentivesturf irrigation are more "intelligent" automatic
are needed to improve the market availabilitycontrollers, which work together with moisture
and penetration of more efficient technologies,sensors that monitor actual water needs.
such as those that can replace one-pass coolersIncentives need to be directed at equipment
for compressors (as used in hotel icemakers),producers, at home buyers and sellers, and

As an example, commercial laundries use at builders.
substantial amounts of water, and energy to A wide range of computer controllers for
heat that water. Like the residential sector, irrigating large areas of turf are already avail- :~
some efficient machines are available on theable, in varying degrees of sophistication. All
market, but they have not achieved significantof these systems benefit from the training of
market share because of higher costs and limit-users; none are "set and forget" systems,
ed selection. In particular, the use of horizon-though advances are likely to produce such
tal-axis commercial machines is limited to systems in the next several years. At the
large-capacity uses. More attention to this mar-extreme, one can purchase central computer
ket, as mentioned earlier in the residential sec-controlled systems, capable of integrating on-
tion, could produce significant savings (S. Hill,line information on weather forecasts together
Seattle Water, personal communication, 1994).with real-time information from moisture sen-

There have recently been some dramatic sors in the ground. An example of these more
claims about the ability of "ozonated launder-a~vanced systems is the California Irrigation
ing" to practically eliminate both hot water andManagement Information System (CIMIS),
detergent use, with sdvings on water costs, which links irrigators with a statewide data
energy, chemicals, labor, and sewage fees. bank of weather information. These data per-
Initial user reports are favorable, but far moremit more accurate estimates of soft moisture
research is needed on how the approach and projected water needs.
works, how reliable it is, and what the best A variety of pilot programs to test moisture

~

applications are. Reports from two Marriott sensors are being implemented, such as a pro-
hotels in Florida indicate that laundry could begram at the Center for Irrigation Technology at
done in 118" F water, rather than 140" F water,Fresno State University, which is evaluating
with detergents and bleaches almost complete-moisture sensors from 11 different manufactur- -
ly eliminated. Water used dropped from 3.5 ere. The general purpose of such sensors is to
gallons of water per pound of laundry to 1.6 evaluate the moisture content of the soil, and
gallons of ozonated water per pound with corn-to send a signal proh~iting further watering
parable reductions in sewer costs. An increaseunless the soft needs it. Such sensors can be
ha electricity use partially offsets these savings,extremely expensive (on the order of $300
According to Christensen (1993), laundry each) making their large-scale distribution
hadusf_ry publications are giving cautious but unlikely at this time (S. Silva, Metropolitan
iacreasingly positive reports of this technology.Water District, personal communication, 1994).

The potential savings, however, is extremely
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large; some manufacturers and independenttypes or employment levels). Another is to
analysts say up to one-third of the water usedmaintain the amount of water consumed while
for lawn irrigation could be saved (R. Miller, continuing to increase yields and production.
Calsense, personal communication, 1994, E.A third is to maintain adequate diets for a
Norum, consultant to CIT, personal communi-growing population, which may require ever-
cation, 1994) and enormous additional poten-increasing amounts of agricultural production.
fial exists in the agricultural sector (see below).In all such circumstances, water constraints,
Unfortunately, the mere installation of these both in terms of availability and quality will
kinds of sensors is usually insufficient to pro-play a role. How do different sustainabflity
duce sustainable savings. Training of individu-goals affect fresh water availability and quali-
als to maintain and modify their operations ty? What incentives are needed to improve irri-
under changing conditions is also very impor-gafion efficiency? How much improvement
rant, ruling out extensive use of sensors in thecan we legitimately expect? If the price of
residential market (R. Miller, Calsense, person-water is low, how can investments in new irri-
al communication, 1994). A better set of appli-gation technology be expected? Without excep-
.cations would be in city parks, median strips,t-ion, experts on agricultural irrigation efficien-
and industrial complexes, cy contacted for this report cite the most

Because these sensors and computer con- important incentive to increase efficient water
trollers represent new technologies and new use is to raise the price of water, which for
markets they are not usually produced by farmers, is almost always subsidized. Yet it was
large, established manufacturers. Smaller, inno-also pointed out that unless agricultural poli-
vative firms are involved in design and market-cies permit farmers to move water around, by
ing, and these firms are less motivated by taxselling it or leasing it, there is little incentive
incentives for research mad development andfor farmers to conserve water. Thus, by 2020,
manufacturing; rather they see the need to substantial agricultural water conservation
stimulate the creation of the market by raisingwill likely be the result of higher water rates
rates for water, setting standards, or rebating coupled with the implementation of innovative
some fraction of the cost of the product ways of transferring water.
(R. Miller, Calsense, personal communication, On-farm in’igafion water is useful to farmers
1994). These approaches are discussed later, ordy when that water goes to grow crops or to

leach unwanted salts from the root zone.
3. Agricultural Sector Excessive use of irrigation water leads to

Agriculture is by far the greatest consumer ofincreased evaporation, unintended percolation
water in California and, indeed, in the Unitedto ground water, and urmecessary runoff.
States. In many regions, far more water is with-Often, excess runoff carries with it agricultural
drawn and applied to fields than is actually chemicals, such as fertilizer nitrates. While
required to grow crops. This inefficient use ofincreased irrigation efficiency can reduce
water occurs primarily because the low cost ofwater losses and protect and enhance water
water provides little incentive for farmers to quality, improvements in efficiency can some-
improve water use efficiency. Associated with times lead to lower water quality, or to reduced
this often-inefficient use of water are a large leaching of salts from soils. The decision about
set of secondary issues related to contamina-how to best manage irrigation water is thus a
tion of surface and ground water with agricul- complex one, requiring considerable informa-
tural chemicals, adverse impacts on wildlife tion about the environmental, economic, and
and ecosystems, and controversies between productivity implications of different actions.
urban and agricultural water demands. Improving the efficiency of agricultural

Several possible futures for the agriculturalwater use is already a very high priority in
sector are attainable, with often contradictorymany regions in California and the western
implications for present action..One possible U.S. Yet the problem of determining actual irri-
long-term goal is to maintain certain agricukur-gation efficiencies and how those efficiencies
al production (such as income levels or crop can be improved is extremely complicated.
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Among the factors that must be considered areeral public would be paying, through a higher
soft and land characteristics, crop types, irriga-tax burden, for a tax break for a small number
tion technology, management practices, andof farmers (Fresno Bee 1994). This experience
agricultural policies and prices, suggests that if some sort of financial incentive

The major sustainabflity goal for the agricul-is deemed necessa~r, care should be exercise~t
tural sector adopted by the Institute is to in how to implement it.
increase, if not maximize, regional agricultural
yields (both economic and crop yields) per

b) Land and System Management

unit of water consumed without compromisingAnother desirable goal is to take land out of =
groundwater or surface water quality, or the production when that land contributes exces-

quantity of water available to maintain naturalsively to poor quality agricultural runoff.
ecosystems that depend on those water Financial incentives for this kind of land man-

resources. This maximization must take placeagement can play a big role in improving over-

in the context of explicit goals and resources -all water quality at a modest cost. At present,
~

farmers will compare the costs of achieving there are several programs to purchase and
such increases with other economic and socialretire poor quality agricultural lands by state

goals, and federal governments. California is imple- -
meriting a bill to finance land retirement, and

a) Irrigation Technologies the new Central Valley Project Improvement
Many irrigation tectmologies currently exist Act permits the Secretary of the Interior to use
on the market. Such technologies include land retirement as means of acquiring water
advanced sprinkler systems, drip irrigation sys-supplies (C. Congdon, Environmental Defense
terns, agricultural water station networks, real-Fund, personal communication, 1994).
time moisture monitoring, and central comput- Interviews with several irrigation districts
er controllers. Reducing the cost of laser-level-and .farming representatives suggest that sys-
ing, surge valves, and tailwater retention pondstern management is very important, including
can also reduce water use or improve the changes in irrigation timing, mode of opera-
quality of irrigation runoff (Pinkham 1994). tion, and system design. New ways of control-
In addition, while the importance of improvingling irrigation systems (such as software
the dissemination of efficient irrigation tech- programs, computer controllers, and more
nology has been acknowledged by many accurate monitoring) are increasingly available,
experts, others feel~ that there is no lack of but not yet well implemented.
technology available; rather the impediments
to the adoption of new technology are often d) Reducing.Delivery Losses

institutional and educational rather than In some regions, substantial quantities of agri-
economics, cultural water are lost between its source and

This issue became explicit during the Junethe point of final use, through seepage from
1994 interim election in California, when an unlined irrigation canals to evaporation from
initiative was on the ballot to provide an the surface of aqueducts and reservoirs. When
exemption from property tax reassessment forwater from agricultural delivery systems seeps
farmers who install water-efficient irrigation into a groundwater aquifer used by other farm-
technologies. A remarkably diverse and unusu-ers, it is often possible to recapture the water
al coalition opposed passage of this irtitiative,through groundwater pumping. True losses
which was defeated by a sizable majority, occur only when water is evaporated away or
Environmental groups argued that the properseepage is chemically contaminated or lost to
way to improve irrigation efficiency was to a saline sink. Monitoring and measuring real
raise the price of water for farmers. Some farmlosses are hard to do, but preventing the Iosses
organizations opposed passage on the groundsis not -- canals can be lined with an impervi-
that many farmers have already installed suchous material and pipes maintained, if the cost _ = =
equipment and there shou2d be no new tax of doing so is below the cost of finding equiva-
break for those that had so far failed to do so. lent amounts of new water. Recently, third par-
Others opposed it on the grounds that the gen-ties, mostly urban water utilities, have begun
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to approach irrigation water districts to offer topricing structures to help ensure more produc-
participate in capturing some of this lost water,five and efficient use of water (Morris 1990).
In return for all or some of the water "saved," Through such policies they hope to delay the
the third party covers the cost oflinLug the need for additional water supplies, avoid all or

canal and transportingpart of the estimated $6 to $7 billion in
the water. These improvements to comply with the Safe
actions are often Drinking Water Act, and reduce the cost of
extremely cost-effec- treating wastewater to comply with Clean
tire ways of increas- Water Act standards (Curry 1994).
Lug overall water Many possible rate structures could be
availability. Secondaryimplemented. Figure 12 shows some of the
issues, however, arise common urban rate structures. Already, two
when the water that rate structures -- seasonal and increasing-block
traditionally seeped or tiered-block rates - are being used to encour.
out of the canals is age conservation in areas that have chronic

Unlined irrigation canal in the North Sacramento Valley. subsequently used water shortages or limited capacity. Seasonal
(Photo: R 61eick) by other users. For rates are implemented for water consumed

example, the Metropolitan Water District of during a utflity’s peak-use season, either as a
southern California has recently offered to paymeans of recovering the incremental cost of
for lining the All-American Canal along the providing water or as an inducement to con-
U.S./Mexico border in return for the water serve water because of inadequate or con-
"saved" by eliminating seepage. Approximatelystrained supply. Increasing-block rates use two
100,000 acre-feet of water are estimated to be or more rate blocks with increasing unit rates
lost in this fashion. In fact, one user’s loss is as consumption increases.
often another user’s gain. In this case, Mexican It is common practice to apply tiered-block
agriculture in the Mexicali Valley pumps rates separately to residential and nonresiden-
approximately this amount of water directly tial customers because of the large differences
attributable to seepage loss from the canal andin water use. The separate rate schedules for
claims that the U.S. cannot line the canal with-each class can encourage large-volume cue-
out consultation with Mexico (Hayes 1991). tomers within each class to reduce usage. For
This dispute is currently unresolved, example, according to the DWR, Lucreasing-

block rates work well with large water users
(commercial, industrial, and governmental)B. ECONOMIC MECHANISMS     only if the differences between the blocks are

M oving toward more efficient, ecologicallysignificant (Curry 19-94).
sound, and sustainable patterns of water In the residential sector, signi~cant and per-

use requires major changes in the way water ismanent savings result when water rates are
valued, allocated, and managed. Central to thecombined with indoor and outdoor fixture
effort to revamp the way California manages replacement programs, water audits, and land-
its water resources will be pricing policies thatscapLug ordinances. For large industrial, corn-
reflect the costs of water to particular users atmercial, and governmental customers, mone-
particular times of use. Historically, water taW rebates_(as a reward for conserving water)
prices have not fully reflected the costs, both coupled with higher rates can pr-~duce signifi-
social (environmental degradation associatedcant water savings.
with water development) and capital (opporm- That rates influence demand for water has
nity costs of plant and equipment), of provid-been shown repeatedly by empirical research.
ing water to users. The measure of this relationship between the

price of water and its use is called the price
1. Rate and Pricing Policies e!asticqtzd of demand, which gauges the expect-

Some water utilities are now seeking ways to ed response in demand given a change in
modify their rates and exploring alternative price. The water utility industry had for a long
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time assumed implic-
itly that the price Figure 72

elasticity of demand rba  Water Structures
for water by residen-
tial customers was Constant Block Rate                      Decreasing Block Rate
zero, i.e., higher with Service Charge with Service Charge
prices have no effect
on quantities
demanded. However, Cost Cost

S/Unit S/Unit
numerous recent
studies show that it
can be as high as Quantity Used Quantity Used
50 percent (see, Plus Monthly Service. Charge Plus Monthly Service Charge

for example,
Dziegielewski et al. Increasing Seasonal Block Rate
1991). Table 26, with Minimum Allowance

On
below, summarizes Increasing Block Rate Peak
some of these recent with Minimum Allowance
findings.

The price elasticity Off "
Cost Peakfigures in Table 26. Cost

S/Unit S/Unit
can be interpreted in
the following way: a
10 percent increase in Quantity Used Quantity Used
the price of water Plus Monthly Service Charge Plus Monthly Service Charge

for Minimum Amount                         for Minimum Amount
would result in
decline in single-fami- Source: Modified from DWR 1994a.
Iy residential water
demand of I to 3 per- ering the incremental cost of providing watercent during the winter and 2 to 5 percent dur-

during peak periods or as an inducement toing the summer. Similarly, one might expect
demand by multi-family residential customersconserve water because of seasonally limited

supplies.to decline by 0 to 1.5 percent in the winter and
Elasticity o£ demand also varies depending1/2 to 2 percent in the summer. This simple

on whether it is viewed in the short- or long-illustration shows that demand is more elasticrun. While price is less effective in changing ~
in the summer season than in the winter

residential water use in the short-run, it playsseason (off-peak season).
Results from other empirical studies also

show that outdoor water use is more respon-
Tab!e 25sire to price than indoor use, especially in the

summer months when outdoor use is greatest.
Because outdoor use tends to be much more Single-family Residential Customers Range of Elasticities
discretionary than indoor water use, people are Winter season -0.10 to -0.30
more able and/or willing to adjust outdoor Summer season -0.20 to -0.50
water use as prices change. Because outdoor
water use occurs mainly in the "peak" summer Multi-family Residential Customers
months, the cost of providing water to satisfy Winter season 0.00 to -0.15
"peak" outdoor demand is higher than during Summer season -0.05 to -0.20
other periods. For this reason~ outdoor use
should be priced at a higher rate during "peak" source: Mitchell and Hanemann 1994.
Periods of the either a means of recov-year, as
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an important role in guiding long-run water vafion techniques among its members. In the
use decisions. A Tucson, Arizona study that longer-run, districts can improve delivery-sys-
examined residential water demand betweentern efficiency, increase storage capacity and

1974 and 1980 found groundwater pumping capacity, negotiate long.
. long-run elasticity of term transfers, renegofiate water contracts

ov~m~sed .be~..~ ~ "7~ demand to be nearly ~th state and federal agencies_~-~ind implement

~-~.d~r~4~ced. twice that of the better plann.ing and monitoring.
- short-run (Mitchell The state and federal agencies responsible

and Hanemann 1fl94).for operating the SWP, CVP, and other supply
All of this evidence suggests that water is projects also play a role in agriculture’s use of

chronically overused because it is consistentlywater. On a short-term basis, these agencies
underpriced. With demand for urban water can improve management of deliveries, facili-
continuing to out-pace supply, urban water tare inter-district short-term transfer markets,
agencies face a new reality where providing aand provide assistance with conservation for
reliable, affordable service will depend as districts and individual producqrs. In the long
much on how they manage demand as on howterm, changes in public policy and planning
they manage supply. Innovative ways to pricecan also have important effects. For example,
water services to encourage more efficient use,the CVPIA requires the re-allocation of 800,000
and adaptation of cost-effective conservation, af to environmental uses. Federal commodity
efficiency, reuse, and recycling measures willprograms also influence the types and quantity
be key to meeting tomorrow’s needs, of crops planted, crop prices, and ultimate

water demand. Zilberman et al. (1993) found
2. Ratebase Water Conservationthat about 40 percent of California crop

and Efficiency acreage is under some federal or state price

Permitting regulated water agencies to put and income support program. The state can

expenses for conservation and efficiency pro- also implement statewide groundwater regula-

grams into their ratebase, as occurred in the tion or facilitate local groundwater manage-

energy industry in the late 1980s, would go ament. Finally, statewide planning can better

long way toward putting these programs on thecoordinate the various uses of water to ensure

same footing as new supply projects. Under that the sustainabflity criteria are being met.

current policies, water utilities are, for the Many other important factors influence the

most part, unable to receive a return on invest-producer’s choice of what crops to grow, how

ments in water conservation and efficiency much to grow, and how much water to apply.

programs, unlike investments in new supply For example, trends in global commodity mar-

projects. Absent policies that place conserva- kets such as the North American Free Trade

fion and efficiency on the same footing as newAgreement and the General Agreement on

supply projects, such strategies will continue Tariffs and Trade affect crop prices. The finan-

to be viewed only as emergency drought cial condition of farms is also important since

response options, generally only financially sound farms can
uhdertake larg~ capital investments in efflcien-

3. Agricultural Water Policies cy equipment.

There are several different actions that local
4. Lessons from San ffoaquinwater agencies can take to restructure the way

that farmers use water (see Table 27). In the Drainage Areas

short-term, districts can implement increasedThe experience of several districts on the west-

block rates, ration allocations, move allocationsside San 5oaquin Valley shows the tremendous ’

from one farmer to another, negotiate inter-dis-flexfl~ility of agriculture to adapt to changing

trict transfers, improve management of deliver-conditions. Through district-level conservation

ies, increase groundwater use, change the useprograms and tiered pricing San Joaquin valley

of existing surface storage, and implement west-side farmers increased irrigation efflcien-

information sharing and education on conser-cy and reduced drainage water in an effort to
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reduce some of the
severe drainage prob- Table 27

l~rns there, t~ossible Responses to Water Cutbacks in the Agricultural Sector

Th~ Broadview
Water District imple- Level of Response Short-term (same year as cutback) Long-term (3 or more years)

mented a tiered pfi~ Farm * Fallow crop land = Change total size of farm ope~fion
i~g rat~ st~c~r~ ~ * Improve i~iga~on scheduling ¯ Change crop ~pes and m~ons
1988. ~is small dis-
~ct of 10,000 ac~s

¯ Increase groundwater pumping * Inv~ in more e~cient irrigation technolo~

~sxt to t~ W~sfla~d * BW or sell water via ~ansfers ¯ Increase on-fa~ water ~orage

Water Dis~ict ~ows wi~in dis~a or be~een di~i~ ¯ In,ease groundwater pumping capac~

p~ma~y co~on~ m~l- ¯ Water-~ess crops ¯ Leave fa~ing or relocate
o~s, wheat, alfalfa * Switch ~pe and amount of crops plan~
s~d, ~d tomatoes.

~� probl~ of ha~g
Distria * Require water rates * Improve delivew system effi~en~

to ~duc~ ~ volum~ ¯ Ra~on supply * In,ease ~o~ge capad~

o~ coordinated ¯ Buy water from other di~ ¯ Increase groundwater pumping capaci~

dr~nag~ wat¢~ flow- * Increase groundwater pumping ¯ Negotiate Iong-te~ water ~nsfers
~g into ~e S~ ¯ Ini~ate in~a-distfict water ~ding ¯ Ren~o~ate state and federal con~a~
5oaq~i~ ~v~r. ~ * Improve opera~ons and management ¯ Build planning and management infras~re
~cr~asing block rat~

of ~ter delive~es * Implement conjunaive use programs for
for water us~ was
s~n as o~ way to ¯ Implement educational and technic[ ground and surface water

h~lp achi~v~ ~ainag¢ assistance programs for farmers

r~ducfions ~d a p~o-
~am to i~pl~m~t State and FedeBI * ~et up interdi~a shoff-~ t~n~ * Res~re agricultural commodi~ subsidies
such a s~c~r~ was * Improve delivew efficien~ * Ren~o~ate ~ter conka~
d~v~lop~d. ~� rate ¯ Provide conse~a~on assistance * ~uild planning and management infras~u~re
was s~t at $16 per
ac~-foot for ~ first
90 p~rc~nt of ~ 1986 fion to the rat~ chug�s, ~scussions and work-
to ~988 applied water av~rag~ and $40 p~r shops ~ farmers facfli~t~d
acr~-foot ~or any ad~fional water. Accoun~g i~o~a~on, con~u~g ~afly to ~.succ~ss
for water was fairly accurat~ b~caus~ of c~l o£ ~e pro~ ~ichelns and Con~ 1992).
monito~ng. A r~w of water consolation ~xp~nc~s

By 1991, o~y s~v~n of 47 fields ~xce~ded in ~ga~on dis~cts concluded that accurat~
¯ ~ fi~r l~wls ~s~ ~bl~ 28). ~ dis~ct awr- m~asur~m~nt and compr~h~nsiv~ m~t~g ar~
ag~ applied water decreased 19 p~rc~nt, ~om ~ssenfi~ ~or ~ci~nt water m~ag~m~nt
2.81 acr~-f~t/ac~e for ~986-88 to 2.27 acre- ~omas ~t ~. ~990). If ~ dis~c~ ~ ~ San
f~t/acr~ ~ ~99~..During ~is s~ p~od 3oaquin Valley achieve ~ l~wl of ~ffici~ncy
m~lons, wheat, and ~falfa s~d crop produc- of appli~d water achieved by ~ most ~ci~nt
fion d~cr~ased, but ~er~ was an incr~as~ in ~s~c~, ~en accor~ng to 1984 dam, mor~
tomato~s ha~sted ~acDougall et ~. 1992). ~an 6~,000 ~ ar~ pot~nfi~ly availabl~ for
Dr~nag~ was bo~ r~duc~d subs~nfi~ly ~d r~locafion from th~ San 5oaqu~ V~y alone.
smoo~d out ov~ ~ s~ason. Th~ drainag~ ~1~ loc~ expe~nc~s cannot b~ ~as~y
volum~ d~cr~ased ~om ~ averag~ of 3,52~ af g~n~r~d to ~ s~t~ as a who~% ~y do
per y~ar ov~r 1986-88 to 2,665 ~ ~990; s~t dis- point to pressing a~eas for adapting to water
cha~s d~c~eas~d ~om 26,000 tons to under cutbacks.
22,000; and boron decreased ~om 30.3 tons to appli~d water and sa~gs in consumed water
26.2 tons ~ich~lns and Con~ 1992). In ad~ should b~ k~pt clear. Increased i~gafion ~-
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ciency can lower applied water requirements,    ments change by either growing different crops
but actual water consumed may not change or fallowing land,
unless the crop evapotranspiration require-

Table 28

E~ro~dview Water District’s Tiered Water Pricing Experiencea

Crop 1986-88 1989 1990 1991 Percentage Change
average (86-88 to 91)

Cotton 4,100 4,649 4,416 3,828 -6.6%
Melons 1,095 1,279 814 198 -81.9%

Wheat 939 708 903 304 -67.6%
Alfalfa Seed 813 694 549 456 -43.9%

Tomatoes 627 840 850 662 5.6%

Cotton 3.20 3.34 2.84 2.40 -25.0%

Melons 2.11 1.93 1.79 1.46 -30.8%

Wheat 2.30 3.02 2.18 1.60 -30.4%
Alfalfa Seed 2.06 1.84 ’ 1.88 1.36 -34.0%
Tomatoes 3.22 2.72 3.03 2.69 -16.5%

Cotton 13,120 15,528 12,541 9,187 -30.0%

Melons 2,310 2,468 1,457 289 -87.5%
Wheat 2,160 2,138 1,969 486 -77.5%

Alfalfa Seed 1,675 1,277 1,032 620 -63.0%

Tomatoes 2,019 2,285 2,576 1,781 -11.8%

Source: Broadview Water District 1992 Drainage Operation Plan as cited in MacDougall et aL 1992.
a Tiered pricing adopted in 1988. Farmers paid $16 per acre-foot for all water applied below the tiering levels shown below

and $40 per acre-foot for water applied above these levels.

A~;.re-feet per acre
Cotton 2.90
Melons 2.11
Wheat 1.90
Alfalfa Seed 1.g0

Tomatoes 2.90
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C. INFORMATION AND           1. Audits
EDUCATION APPROACHES A major barrier to efficient water use is the

informationand education are crucial lack of information about the role o£ behavior,compo-

nents of any successful water managementand the availability and cost of water-efficient

and planning programs. The recent droughts in
technologies. Such information can be provid-

california provide numerous examples whereed in many ways, including educational pro-

voluntary efforts to reduce water use were suc-grams and "informational incentives," defined

cessful because of the effective disseminationby the California Urban Water Agencies as "the

of information (DWR ]993a). provision of information for which customers

If water utilities, irrigation districts, or statewould otherwise have to pay" (Barakat and

and federal water purveyors want to promote Chamberlin 1994). Evidence su.ggests that site-

or require conservation among their cus- specific information on current water use is

tomers, they need to understand how these extremely effective at influencing customer

customers use water; that is, they need to behavior and the adoption of conservation

answer the question "How is water used?" technologies. -

To understand how customers use water, the Audits typically have two components:

water utilities need to conduct customer sur- (1) a detailed site-specific survey of current water

veys and audits. They then need to use the uses and needs; and (2) provision of site~specif- ~
information from the customer surveys and ic information on alternative, more efficient

audits to persuade the customers to change technologies and practices. Such audits are typ-

their usual way of operation. Water use variesically conducted either by the local water utili-

depending on the type of customer, facility or ty or by a commercial operation. In the former

business, climate, and many other variables, case, the cost is typically borne by the utility.
For this reason, appropriate methodsof reach-In the latter case, the cost of the audit is often
ins each type of customer will vary. offset by some agreement to share the savings

The need to use water more efficiently alsothat accrue from implementing the suggested
must be effectively communicated to the waterchanges. For both cases, identifying ways to
users. This will require aggressive media cam-reduce the price or cost of audits would
paigns and dissemination of information increase their likelihood of being undertaken.
(descn~bing current and future water condi- Audits of water use have the potential to -
fions). In addition, water agencies in coopera-identify substantial savings of water in almost
fion with electric utilities and government all sectors. Financial incentives to get utilities -
need .to successfully address issues such as: or private contractors to offer auklits could be
¯ the cost effectiveness of conservation or extremely valuable, but almost all studies done

efficiency measures (i.e., customers must beof audits emphasize that they need to be corn-
given good reason to change); bined with programs to ensure that identified ’

¯ the direct and indirect effect of the measuresavings are actually attained, by getting cus- -
on profits; tomers to implement, and maintain, the pro-

* the availability of financing, which is espe- posed changes. Mechanisms to encourage the
cially important when the customer’s budgetadoption of the recommended changes are
does not include funds to cover the initial discussed later.
capital-cost of plant improvement projects.
This is also extremely important for low- a) Residential Audits

income households that cannot afford capi-Residential audits provide residential cus-
tal outlays for new fixtures br appliances; tomers with indoor and outdoor evaluations of ~¯ the need to convince businesses and facfli- water use and needs. Audits ar~ conducted by
ties about the accuracy of the information either trained utility staff or outside contrac-
on which the recommendations are based; tots. Some audits specifically involve direct
and installation of conservation devices, while oth- -

¯ the need to publicly recognize companies ers are purely informational. Some training is
that are water efficient, required for auditors, and the cost of a typical
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residential audit is about $45 to $75 when anaudits typically cost about $200 per acre and
audit of outside water use is included (Barakatrequire outside expertise or training.
and Chamberlin 1994).

2. Other Training Programs.
b) Industrial Audits

Another educational activity to help water con-
Industrial audits are highly site specific and sumers take conservation actions or to imple-
far more difficult to do than residential audits,ment conservation measures is a training pro-
given the Often highly complex nature of gram or workshop. Such courses can be offered
industrial practices. These audits include or sponsored by the water utility for specific
detailed assessments of how and why water isgroups of customers or for particular kinds of
used in a facility and may require temporary technologies or practices, such as landscape
monitoring at a variety of points in a process,irrigation. Incentives to offer, or to take, such
evaluating the heating, ventilation, and air-con-workshops can improve the success of conser-
ditioning systems, and testing of water-usingration programs in a wide range of sectors.
equipment. The cost of industrial water auditsAgricultural training is often available through
depends on a wide range of factors, includingextension services and other state or university
the type of process, the services provided, andprograms. More effort is needed to get informa.
the extent of the audit. The Metropolitan Watertion on water issues into these programs.
District of Southern California estimates its
industrial water-management studies cost
$5,000 to $15,000, based on what their cus-
tomers would have to pay for comparable !~PROA{~I-It~S
audits by the private sector. Because of the
expense and difficulty of such audits, few ~ince educational and economic incentive

water agencies 9ffer them, although estimatesk~programs will not motivate everyone to

of possible water savings in audited industriesconserve, regulatory approaches must also be

range as high as 30 to 40 percent (Brown andevaluated and considered. Legislation setting

Caldwell Consultants 1990). standards has been used for many purposes,
such as saving energy, ensuring safety, protect-

c) Commercial and Institutional Audits ing human health, and prevenfiang environ-
Commercial and institutional activities can mental degradation. Recently, .there have been
also benefit from detailed water-use audits, some modest efforts to set standards for water-
which can include all the components of a using technologies and behaviors. Setting
residential audit (indoor fixtures, outdoor turfwater-efficiency standards for common fixtures
irrigation) as w~ll as reviews of heating, venti--- such as ~oflets, showerheads, and faucets -
lation, and air-conditioning systems. Institu- can be a critical component of a permanent
tional energy and water audits of all federal and reliable water conservation strategy.
facilities are supported by the Energy Policy Legislation and regulation at the local, state,
Act of 1992, which requires implementation ofand federal levels are playing an increasing
efficiency measures with a payback period of role in establishing water conservation require-
ten years or less. Commercial and institutionalments for water utilities and the public.
audits are typically less complicated and lessStandards establish technological norms that
expensive than industrial audits and may focusensure a certain level of efficiency is built i~.to
on high-volume, peak-period users or on cus-new products a~d services. As the stock of
tomers with single-pass cooling systems or water fixtures is replaced with more efficient
large areas of outdoor turf irrigation, fixtures, there will be continuing permanent

reductions in water demand. Other approach-
d) Large Landscape Audits es, such as landscape ordinances aimed at soci-

Some municipal, institutional, or industrial etal preferences, can also be used to alter
customers maintain large landscapes (such aswater-use patterns.
lawns) requiring irrigation. These landscapes
are often large consumers of water. Landscape
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1. T~chnology Standards The passage of the NEPAct will not only
influence water demand, but also the volume

A variety of technology-based standards are of wastewater generated over the next several
being used to reduce water demand. For exam-decades. Yet little discussion about the poten-
ple, following the severe drought of 1976-77, tial impacts of the NEPAct water-efficiency
s~ate law in California required more efficientstandards has occurred at the state level. For
toilets (3.5 gallon-per-flush) in all new con- example, DWR’s Bulletin 160-93 and Bulletin
struction. On a more local level, several corn-166-4 fated to incorporate its requirements
munities including Los Angeles, Petaluma, into their analysis (DWR 1993, 1994a, 1994b).
Santa Monica, and 8ebastopol, have passed At the utility Ievel, the expected demand
ordinances requiring the use of high-efficiencyreductions will influence important policy
water fixtures in all new construction, remod-and planning decisions, but few utilities have
cling, and additions. More recently, the ] 992 yet to estimate their impacts.
National Energy Policy Act (NEPAct) estab-
lished national standards for toilets, urinals, a) Housing and Landscape Ordinances

showerheads, and faucets. The efficiency start-Better land-use policies, including landscaping
dards are shown in Figure 13 below and tookordinances and other regulatory measures to
effect January 1, 1994. As pre-1994 fixtures promote multi-family housing should be
are replaced with more efficient fixtures as explored. Because multi-family structures
required by the NEPAct, per-capita water useshare landscapes or have significantly smaller
is expected to drop substantially, landscapes, and generally have fewer water-

The NEPAct has three basic water compo- using appliances, average per-capita water use
nents: the establishment of maximum-water-is lower than in detached single-family resi-
use (efficiency) standards for plumbing fix- dences. A 1985 study conducted by the
tures, product marking and labeling, and rec-Planning and Management Consultants for the
ommendations for state and local incentive Metropolitan Water District concluded that the
programs to accelerate voluntary fixture average annual single-family water use was 384
replacement. Studies of the NEPAct’s impact ongallons per day, 128 gallons more than the
domestic water use show that they will be sub-average multi-family home (see Table 29
stanfial. Replacing an existing 5 to 7 gallon-per-below). The study concluded that a person
flush toilet with a 1.6 gallon-per-flush toter residing in single-family home used 140 gallons -
will, by itself, save up to 20 percent of total per day, or 46 gallons more than someone
indoor water use for a family of four. One residing in a multi-family residence
study concluded that the introduction of these (Dz~egielewski et el. 1991). Outdoor water use
efficiency standards will reduce residential
water use for toilets, showerheads, and faucets
by 62 percent when replacing pre-1980 fixtures Table 29
and 39 percent when replacing fixtures ~stin~ates of Average Annua! Water
installed between 1980 and 1993 (Vickers in Southern California
1993).14 Based on our analysis, we esthnate

Gallons per dwelling Gallons per personthat the NEPAct water-efficiency standards
Residential Sector per day per day

will reduce residential water use for toilets,
faucets, and showerheads by approximately Single-family 384 140
57 percent for pre-1980 and post-1980 ~MUltl:d’amllV~
fixtures combined. That the standards will All residential 327 119
have substantial impacts even in communities
with robust water conservation programs is Source: Dzieglelewski 1991.

Unquestionable.

~ These estimates are consistent with the 57% potential savings estimates for faucets, showerheads, and toilets we calcu-
lated for existing California equipment.                                                                                     -
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Figure 13
Watsr Ussd by U.S. Faucets, Showerheads, and Toilets

A comparison of the approximate range of water used by pre-1980 devices,
post-1980 devices, and water-efficient technologies.
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Source: Modified from Rocky MountaM Institute 1991.

D--045673
D-045673



r

How Do .We Get There: Technologies and Practices for Sustainable Water

in multi-family dwellings was less than 18
percent of total household use, compared to 35 Table 30
percent in single-family units (Dziegielewski Percentage of $~n~]~- and NullS-Family
et al. 1991). An increase in the share of multi- Househoid~ ~
family housing, as a percentage of total hous-
ing stock, would result in substantial water 197o

savings statewide. Such a trend was evident in Single-Family 76% 63% 63%
California between 1970 and 1980, but appears Multi-Family 24% 37% 37%
to have leveled off during the 1980s (see Table 30).

Landscape water-conservation ordinances
that limit turf size, require xeriscape landscap- Source: DWR 1994b. -
ing, and/or improve management practices
can also produce substantial outdoor water
savings. Because of the multitude of factors houses comparing daily water consumption

involved, such ordinances should be enactedwith water-conserving landscapes against tradi-
at the local level, preferably by the local watertional turf-oriented landscapes estimated resi-

agency. However, if the water agency does notdential water savings at 42 percent (RMI 1991).
have the authority to enact ordinances, it b) Best Management Practices (BMPs)
should work with cities, counties, the state,
and green industry in theservice area to The California Urban Management Council has _
develop and implement landscape water- developed the Memorandum of Understanding

conservation ordinances. A structure for doingRegarding Urban Water Conservation in
this has already been developed by the WaterCalifornia. As of June 1994, there were 170 sig-
Conservation Landscaping Act of 1991 natories to the Memorandum of Understanding
(California Government Code sections 65590 (lvIOU), including 111 water agencies and 59
et seq.). This Act required that by January 1, public interest groups. The MOU contains 16
I993 all cities and counties in California eitherbest management practices that address interi-
adopt the Model Ordinance (the Model Water or and exterior water use. ~ ~

Efficient Landscape Ordinance was adopted in
August 1992 and is codified in Tide 23 of the Best Management Pradtices

California Code of Regulations sections 490-92)¯ Interior and exterior water audits and
or issue findings that they do not need such incentive programs for single family
an ordinance, residential, multifamily residential, and

If the city or county did nothing, then the governmentaI/institutional customers
state’s model ordinance would automatically * Plumbing, New and Retrofit
go into effect. Because of the Landscaping Act,
many cities got serious about outdoor water ¯ Distribution system water audits, leak

conservation. Contra Costa County, for exam- detection, and repair

ple, now limits turf to 20 percent of landscapē Metering with commodity rates for all
area in some home developments, new connections and retrofitting existing

Xeriscaping shows the greatest promise of connections
creating sustainable and reliable outdoor water¯ Large landscape water audits and incentives
savings. A study conducted by North Matin ¯ Landscape water conservation requirements
~rater District found that landscapes with about for new and existing commercial, industrial,half as much lawn as traditional yards required

institutional, governmenta~ and multifarnily54 percent less water, 25 percent !ess labor,
developments -61 percent less fertilizer, and 22 percent less

15herbicide (RMI 1991). Similarly, an East Bay    ¯ Public information
Municipal Utility District study of single-family ¯ School education

uThe seven principles of xeriscaping are: good planning and design, limited turf areas, efficient irrigation, soil improve-
ments, mulches, low-water use plants, and appropriate maintenance (P!vII 1991).
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¯ Commercial and industrial water nically infeasible, socially unacceptable, or eco-
conservation nomically unjustified for that area (Wickers

¯ New commercial and industrial water 1991). While giving districts the flem~bility to

use review not implement measures that are "technically

¯ Conservation pricing infeasible" and "economically unjustified" is
reasonable, it may not be reasonable to permit

¯ Landscape water conservation for new them to refuse to implement programs that are
and existing single family homes only "socially unacceptable." For this reason,

¯ Water waste prohi~bition the state should consider requiring all water
¯ Water conservation coordination utilities to implement BMPs that are "technical.

¯ Financial incentives ly feasible" and Ueconomically justified" regard-.
less of their "social acceptability." Other mech-

¯ Ultra-low flush toilet replacement
anisms to ensure implementation of urban

programs
BMPs should also be explored.

In addition to the BMPs that water ufilifies
have committed to implement, the following E. TECHNOLOGIES AND
are potential BMPs that can and should be PRACTICES TO INCREASE
implemented:

SUPPLIES
¯ Rate structure and other economic incen- ~

fives and disincentives to encourage water -~A~-hile the overall quantity of fresh water

conservation ¥ ¥ resources is fixed, there are technologies
and practices that can be adopted that increase¯ Efficiency standards for water using
water availability on a regional or seasonal

appliances and irrigation devices
basis. For example, dams have traditionally

¯ Replacement of existing water using been butt in part to capture water during wet
appliances (except toilets and showerheadsperiods for use during later dry periods.
whose replacements are incorporated in Aqueducts and pipelines move water from
BMPs) and irrigation devices areas of water surplus to areas of high demand.

¯ Retrofit of existing car washes And technologies that permit water reuse can

¯ Gray water use effectively reduce demand for new water by

¯ Distribution system pressure regulation increasing the number of times the same quan-
tity of water can be used. The following sec-

¯ Water supplier billing records broken fions describe the advantages and disadvan-
down by customer class (e.g., residential, rages of an untraditional set of technologies
commercial, industrial) and practices that are likely to be considered in

¯ Swimming pool and spa conservation the next few decades. This set of alternatives
including covers to reduce evaporation has been chosen to be consistent with the sus-

¯ Restrictions or prohibition on devices that tainabflity .criteria developed earlier.
use evaporation to cool exterior spaces

1. Wastewater Treatment and Use¯ Point-of-use water heaters, recirculating
hot water systems, and hot water pipe There is broad agreement that reclaimed

insulation wastewater is a resource that can meet many

¯ Efficiency standards for new industrial existing water requirements. There is less

and commercial processes agreement about how to encourage the use of
this resource and about the extent to which

The MOU is voluntary and leaves it up to wastewater can be used. By far, the most

the participating utility to decide what BMPs itimportant first step to encouraging the use of

will or will not implement. That is, although awastewater is to do a comprehensive assess-
measure is listed as a BMP, a water district isment of the likely uses for wastewater, the

not required to carry it out if it is deemed tech-quality of water required to meet those needs,
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the availability of wastewater as a function of In Los Angeles, a new water recycling facfli-
quality, and the relative costs of treating and ty, the Hyperion Plant in the Western Central
delivering this resource. Some work in this Basin, will produce 70 million gallons per day
area is already underway, such as the activitiesof tertiary treated water. A secondary pipeline
of the Central California Regional Water system, to permit the use of this water, is now
Recycling Project, which is evaluating the being built, and the water from this system is
potential of using more than 200,000 acre-feetbeing artificially priced at 80 percent of the
per year by 2010, on top of existing wastewaterprice of potable water in order to stimulate the
use activities in the San Francisco Bay Area market for its use.
and surrounding areas.

Southern California has comparable plan- 2. G~aywater and Rainwater Use
ning activities underway, in large part becauseThe use of graywater and rainwater collection
for some southern California municipalities, systems can dramatically reduce overall
the costs of delivering reclaimed water are potable water needs. Graywater systems collect
far below the costs of delivering State Water water from sinks, washing machines, and
Project supplies over the Tehachappi showers, filter it, and store it for use in toilets,
Mountains. Several cities, such as San Diego, urinals, or most typically, lawn irrigation.
have adopted ordinances that encourage or There are few commercially manufactured
require the use of reclaimed water wherever graywater systems in the U.S., but the Office
feasible and wherever beneficial to public of Water Reclamation in Los Angeles estimates
health, safety, and the environment (San Diegothat individual homes with such systems can
Ordinance 0-17327, July 24, 1989). Such ordi-reduce overall water consumption by 50 per-
nances should expedite the use of reclaimedcent (RMI 1993).
water. Similarly, rainwater collection systems in

Increasing the use of recycled water from some regions can provide substantial portions
either waste-treatment plants or from water of all non-potable residential water needs.
recovered from industrial processes can reduceOnce common in the U.S., rainwater collec-
the need for potable water. This is particularlyfions systems can also reduce total water flows
true for large industrial users. Refineries, for to wastewater systems, reducing the need for
example, are significant users of water, and new systems or the load on existing systems.
increasing their use of reclaimed water can On the island of Hawaii, local government has
greatly reduce overall water demand in certaindeveloped guidelines to help residents build
water districts. There is no requirement that safe catchment and storage systems, and
potable water be used in cooling towers, but 25,000 people are estimated to rely on rainwa-
the use of reclaimed water for cooling may ter for their entire water supply (Chapin 1994).
require r~plumbing. Financial incentives to A major barrier to the widespread adoption
promote such replumbing may be necessary,of both gray-water and rainwater systems is the
The Chevron Richmond Refinery in northern resistance often encountered when there is a
California currently uses just under 11 millionfundamental change in the system with which
gal_lons of water per day, half of which is lost topeople are familiar. Such changes can be
evaporation from cooling towers. At present, brought about, but often require long periods
all of this water is drinking water supplied byof time.
the East Bay Municipal Utilities District
(EBMUD). EBMUD and Chevron have deve!- 3. Alternative Treatment

oped a plan, however, in which all of this cool- Systems
ing water will be replaced with municipal Substantial expenses are incurred by communi-
reclamation water by 1996, effectively reduc- ties and municipalities for wastewater treat-
ing the consumptive use of potable water by ment facilities. Current provisions of the Clean
the refinery by 50 percent (-P. Yotles, Pacific Water Act are quite specific about the stan-
Institute, field visit, !994). dards and technologies required for treating
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water, and these facilities are often extremelyunable for technological and economic reasons
expensive to build and operate. Many of the to build major waste-treatment facilities, mak-
water-efficient technologies discussed above ing these kinds of smaller unconventional sys-
contribute to reducing the cost of wastewater terns particularly attractive. Among the needs
treatment by reducing ~he overall volume of to expand the field are further technical
water requiring treatment, which either demonstrations, some financial incentives to
decreases the size of facilities required or permit communities to consider non-tradition-
delays the need for new facilities. A different al approaches, and removal of restrictions in
approach, however, is to use alternative tech-current legislation on the kinds of facilities
nologies for treating wastewater, such as usingbuilt. In particular, opening up the provisions
the abilities of wetlands and marshes to cleanof the Clean Water Act to permit innovative
up certain kinds of wastewater using natural systems to compete is urgently needed. To
processes, upgrade systems from septic tanks to some

At the moment, several innovative groups alternative system, or from secondary to ter-
are doing research into these technologies, tiary treatment may require tax credits or low-
which can offer several advantages, includinginterest loans to individuals, companies, and
reduced energy costs, lower land requirements,communities (S. Sargert, Ocean Arks, personal
and the ability to address sewage problems atcommunication, 1994).
a smaller scale than typical conventional sec-

4. New Supplyondary treatment systems. Some of the groups
claim that their systems can provide tertiary Given the large potentia! for increased water-
quality treatment for roughly the same price asuse efficiency in all sectors, we are reluctant to
conventional secondary treatment systems (S.recommend here incentives for new supply
Sargert, Ocean Arks, personal communication,options that move water from water-rich to
1994). Ocean Arks, a company in the north- water-poor regions, or that require the con-
east, designs, builds, and operates smaller-scalestruction of large new water-storage facilities,
waste-treatment facilities with a focus on usingparticularly in the western United States. Such
the biological advantages of wetlands/marsh traditional approaches have entailed enormous
systems. They are operating a 30-40,000 gallonenvironmental and economic costs, and the
per day system in Frederick County, Marylandrealization of these costs is a major impedi-
to treat residential sewage and a test facility inment to the construction of any new facilities.
Toronto to treat wastewater from a distributionOne possibility stands out, however, that meets
warehouse for the Body Shop. They are also our sustainabflity criteria: the use of saltwater
designing facilities for the state of Vermont to or brackish water desalination when that desali-
treat 100,000 gallons per day and for the city ofnation is accomplished with renewable energy.
San Francisco for treating storm water runoff. By far the vast majority of global desalina-

A niche where such alternative facilities fion technology today relies on fossil-fuel gen-
could be extremely erated electricity or heat. As of early 1991, few
useful is where septic solar-powered desalination facilities had been
tanks are in disfavor constructed due to their higher costs. While
and where residential this option is economically infeas~le today,
communities are try- the costs of photovoltaics have been dropping
ing to protect ground continuously and significantly for Several
water. At present, 30 years, and the next 25 years are likely to bring
percent of the U.S. some dramatic changes. Solar desalination may
population is not become an attractive way to supplement fresh
served by sewers and water availability, especially in remote or arid
depends on septic regions with few alternatives (Gleick 1993).
tank/leach field tech- Another unusual possibility is water trans-

A major, and expensive, desalination plant was built in Santa nology. Most small pormfion from out-of-state sources through
Barbara following the drought of the late 1980s and early 1990s.
(Courtesy ofDWR.) communities are non-structural means, such as ’q~ag" technologY
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currentlY under development. Water has long
been shipped in emergency situations via
tanker from one region to another. In 1994,
for example, substantial amounts of water were
brought to Japan by tanker to mitigate the
impacts of a severe drought there (-U.S. Water
News 1994b). The problem with tankers is
their relatively low volume and the relatively
high cost of transportation. In 1995, at least
three independent companies are exploring
the use of large synthetic bags for transporting
water around the world. These bags could be
linked together to form "trains" and towed
through the oceans to the point o£ need. As of
mid - 1995, the technological feasibility of such
an approach has not been proven, though
demonstrations by some of these innovators

appear imminent. Ultimately, their utility will
depend on the economics of the method and
the politics of finding reliable water suppliers
willing to ship water to other regions.
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Conclusions and Recommendations
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unique look at how ~e s~t~ might bg~n to aquatic species ~1 come and go ~ ~ rains
plan for a ~ly sus~inabl~ water ~tur~, pre- and ~ hum~ demands. Evc~ &ought and
sents a posifiv~ fision of what ~at ~r~ flood ~ haw a ~at~r a~d ~a~cr ~ffcct on
might look 1~, and discusses how such a socie~ and the na~r~ en~ronmcnt.~ ~d
~sio~ might b~ achieved, e~ccted water dcman~ ~ exceed available

supplies by sever~ minion acrc-fe~t - a gap
projected ~ evc~ official "Calffo~ia Water

A. THE PROBLEM                   Pla~~ produced since 1957. We believe ~at

~ ffornia’s cu~ent pa~ems of water use arcstate water .planners have b~n plan~g for a
unsus~nabl~. Groundwater us~ is unmon-~mr~ ~at is increasingly u~ik~ly ~d unde-

itorcd and uncon~oll~d and ~n many places s~able.
~oundwat~r is berg used at rates faster ~an During the past 50 y~ars, water-resources
it is b~ing r~plenished. Ever increasing planing in C~ifomia has relied on m~ing
amoun~ of water arc requ~ed to meet urban projections of ~rc populations, p~r-capi~
demand, adding to the co~ict among a~cul-water demand, a~c~r~ production, leveIs
~r~, urban, and ~n~onmenml interests, of ~cono~c producfi~, ~d so on. ~cse
Urban water use is ~fficient and poorly m~-projections arc then used to preset
aged. En~mnm~n~ water n~ds arc poorly water dem~ds. As a result, ~adifion~ water
understood and rarely met. Fish and ~ffiife planning always projccm ~mr~ water d~mands
species ar~ berg driven to exaction and habi-independent of, and ~ically larger ~, actu-
~ ~e berg d~s~oyed by dewl0pment. And~ water avaflabili~. Harming ~n consists of
offic~ projections are ~at such problems ~1su~stions of ~t~mafiw ways of balding ~is
co~ue ind~itely, apparent gap bc~e~n demand and supply.

zs See, for example, previous Pacific Institute reports: "The Societal and Environmental Costs of the Continuing California
Drought (Gleick and Nash), July 1991 and "Environment and Drought in California’1987-1992: Impacts and
Implications for Aquatic and Riparian Resources" (Nash), July 1993.
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The prevailing ethic in California has been to These initial assumptions can, and should,
plan for future growth by building more dams,be directly challenged. The futur~ can look
reservoirs, and canals to transport water from quite different than today, as indeed, today
areas of surplus to areas of deficiency, looks quite different than the California of the

The costs to die state of this future -- I960s. What is needed ~r the next century is a
lost industrial competitiveness and revenue, process that will resolve water conflicts by set-
destroyed natural resources, continued uncer-ring new goals and p .riorities for water-resource
tainty about long-term water supplies, and planning. In this report, we present a Vision
further ill-will among urban, agricultural, andfor California for the year 2020 in which water-
environmental interests -- can be avoided, resources planning and use are sustainable,
Trend is not destiny, and official projections both socially and environmentally.
are not inevitable outcomes. It is time to devel- There has been plenty of rhetoric recently
op new tools and approaches to solving around the terms "sustainabflity" and "sustain-
California’s water problems, able development." What do w& mean by

sustainabflity in the context of fresh water
¯B. WATER PLANNING FOR resources, and why do we use the term here?

We define sustainable water use as "the use of
THE 21ST CENTURY water that supports the ability of human society

T raditional approaches for projecting waterto endure and flourish into the indefinite future
demands assumes that the future will lookwithout undermining the integrity of the hydroIog-

virtually identical to what it does today, with ical cycle or the ecological systems that depend
the same social structures and desires and on it." California’s water resources should be
without resource, environmental, or economicmanaged so that today’s human and environ-
constraints. Even ignoring the difficulty of pro-mental needs are met, and so that the resource
jecting future populations and levels of eco- base is maintained for the use Of future genera-
nomic activities, there are many limitations totions. Thus, water-rela~ed problems such as the
this approach. Perhaps the greatest problem isoverdrafting of groundwater, the chemical con-
that it routinely produces scenarios with irra- tamination of water supplies, and the loss of
tional conclusions, such as water demand aquatic species and unique hab=itats mean that
exceeding supply and water withdrawals current water management practices are
unconstrained by environmental or ecologicalunsustainable. Continuing these practices is
limits, like squandering away an inherited fortune

leaving nothing for our children. Sustainable
water use requires keeping the resource base

~u$~a~na~Ui~y (:~i~ ~r ~’~r intact for future generations rather than

1. A minimum water requirement will be guaranteed to all humans to maintain human health, destroying it for short-term gain.

Is sustainability a scientific concept? Not
2. Sufficient water wilt be guaranteed to restore and maintain the health of ecosystems, exactly. Sustainability is a social goal, much

Specific amounts will vary depending on dimatic and other conditions. Setting these amounts like equity, h’berty, or justice. Public value
will require flexible and dynamic management, judgments must be made about which needs

and wants should be satisfied today and which
3. Data on water resources availability, use, and quality will be collected and made accessible should be put off or met in a different manner.to all parties.

In Table 4 and here, we present a set of sus-
4. Water quality will be maintained to meet certain minimum standards. These standards will tainabflity criteria for water. These criteria,

vary depending on location and how the water is to be used. developed over the past year in discusgions
with academic, governmental, and non-govezm-

5. Human actions will not impair the long-term renewability of freshwater stocks and flows. mental interests working on California, nation-
6. Institutional mechanisms will be set up to prevent and resolve conflicts over water, al, and international water problems, embody

the value judgments that humans and natural
7. Water planning and decision-making will be democratic, ensuring representation of all affected environments should have access to a mini-

parties and fostering direct participation of affected interests, mum amount of water necessary for survival,
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that the renewable characteristics of water Co THE VISION FOR 2020
resources should not be impaired, and that the

Aprosperous, healthy California is possible
process of water planning and management be!-~by 2020, with enough water for urban
democratic, fair, and open. residents, a vibrant agricultural community,

An ethic of sustainability will require a fun- and a robust environment. Within 25 years,
damental change in how we think about water.California can achieve a more sustainable pat-
Rather than trying to find the water to meet tern of water use without severe impacts on
some projection of future desires, it is time toany particular sector. Groundwater overdraft
plan for meeting present and future human can be eliminated, urban and agricultural
and ecological needs with the water that is water use can be more efficient and produc-
available, and to determine what desires cantire, and the protection and restoration of
be satisfied within the limits of our resources.California’s natural ecosystems can be
This is an essential change, and will require enhanced. At the same time, the process of
some new thinking at the highest levels, planning and managing the state’s water

Water-resource planning in a democratic resources can be made more democratic and
society requires more than simply deciding open, bringing in whole segments of the state’s
what project to build next or evaluating which

population who have previously been outside
scheme is the most cost-effective. Planning      the policy making process. The sustainable
must provide information that helps the publicvision presented here would produce a more
to make judgments about which "needs" and

stable business environment, reduce the uncer-
"wants" can and should be satisfied. Water is

tainty over water supplies, and increase the
not only a common good and community state’s economic vitality and competitiveness.
resource, it is also used as a private good or To reach this positive vision, we do not
economic commodity; it is not only a necessityassume here any significant new supply infra-
for life, but is also a recreational resource; it isstructures will be butt, no~ do we assume that
imbued with cultural values and plays a part in

drastic advances in technology are necessary.
the social life of our communities. The princi-Similarly, the changes necessary for achieving
ples of sustainability and equity can help

sustainable water use in California do not
bridge the gap between such diverse and corn-

require "heroic" or extraordinary actions on the
peting interests,

part of any individual or sector. Instead, these
Rather than allowing water policy to be changes are likely to come about by applying

determined by the outcomes of fights among
incremental technological innovations, trying

the most powerful and wealthy interest groups,changes in governmental and industrial poll-
goals to further a genuine common interest cies, and by an evolution in personal values.
can be forged and real conflicts can be resolved

All of these are already common characteris-
in a fair and equitable manner based on demo-

tics of California society.
cratic ideals. In the absence of democratic

Can these sustainable futures be achieved?
dialogue, water-resource development can Yes, given appropriate attehfion and will,
only continue down a course plotted decades California’s water policies can be substantially
ago, one that may have been appropriate then,modified over the next quarter century, just
but which fats to meet the challenges of the

as they have over the past twenty-five years.
next century.

Will a sustainable future be achieved? That is a
We have the opportunity, tools, and ability question that only the public and their elected

to create a remarkably different urban and
officials can answer. Many economic, political,

agricultural economy, one that can restore
and cultural forces are at work in society

ecosystems and protect the environment whilechanging our lifestyles, technologies, and
bringing forth innovation, equitable use of

institutions, and these forces will continue.
resources, meaningful work, and economic

The dialogue on how to harness these forces
security. The vision presented at the beginning

in a new direction must begin now.
of this report offers a positive goal for
California water planning and management.
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D. MAJOR CONCLUSIONS California in the year 2020, and to evaluate
how such a vision can be reached. We con-

California water use is not sustainable and elude that such a vision is possible without
current water planning is not up to the any single water-using sector bearing thetask of dealing with the water problems of
the 21st century, brunt of the changes. We farther conclude

that over the 25 years between now and
¯ California water policies, both formal and 2020, many of the changes we highlight can

informal, permit or even encourage a wide be accomplished easily.
range of unsustainable practices such as

Modest re-organization of California’s agri.groundwater overdraft, unconstrained urbancultural sector can save millions of acre-
demand, inefficient water use, and water- feet of water.
supply contamination. Current planning
practices continue to use tools developed ¯ The agricultural sector can be more effi-

decades ago when populations and demandscient, with lower total water demand and
higher agricultural revenues.were lower, when the principal problem was

developing the physical infrastructure to ¯ Totally eliminating groundwater overdraft in
move water around, and when environmen- California is possible with modest changes
tal concerns were an unimportant part of in cropping patterns. Eliminating groundwa-
the overall equation. All of these conditions ter overdraft is a requirement Of the sustain-

have changed, except for our planning insti- ability criteria presented above. Current

tutions, overdraft is about 1.3 million acre-feet per

Continuing down the current path will year, and official estimates are that it will

lead to worsening social, economic, and still exceed 1 million acre-feet per year in

environmental conflicts over water. 2020. In our Balanced Groundwater
Scenarios, groundwater overdraft can be

¯ Present policies and planning will lead to a completely eliminated by fallowing modest
large gap between water supply and expect- amounts of land now devoted to growing
ed demand. Official projections, done by the water-intensive, low-value crops. If that land
California Department of Water Resources is then reallocated to growing other crops
every few years since 1957, always project already grown in those regions, net agricul-
water demand exceeding water supply, often tural revenue actually increases.
by several million acre-feet.

¯ By 2020, with only modest shifts in cropping
¯ Present water policies reduce future flexa~il- patterns, agricultural net water demand

ity and increase the risk of economic insta- could decline by 3.5 million acre-feet while
bflity due to disruptions in water supply, farm income rises by $1.5 biJlion (1988
Under conventional projections, the lack Of dollars). In the Agricultural Restructuring
a buffer between demand and supply greatly Scenarios, additional shifts in the production
constrains the flexibility of agricultural, of alfalfa, irrigated pasture, rice, and cotton
industrial, and commercial water users. were explored. Changes in acreages planted

¯ Present water policies produce uncertainty in these crops back to acreages planted over
and a risk of future unreliability during the previous 25 years (mid-1960s to 1990)
periods of drought and shortage. During dry produce significant improvements in the
periods, the only option is emergency overall water productivity of the agricultural
response, state-imposed cutoffs, and a highersector.
risk of economic dislocations. Extensive improvements in the efficiency

By 2020, California can achieve a more of residential, industrial, and commercial
sustainable pattern of water use without water use can save millions of acre-feet.
severe impacts on any particular sector. ¯ Average residential water use in 2020 could
¯ The focus of this report is to define a new, be 46 percent lower than the current 137

sustainable approach for water planning and gallons per person per day, using only exist-
policy, to present a positive water vision for ing technology. Applying the existing water
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efficiency standards set in the 1992 National* High mountain streams can be restored to
Energy Policy Act, California residential drinkable conditions. It should be possible,

water use will drop substantially. Reducing at low cost, to restore high-altitude streams
outdoor residential water use through in the Sierra Nevada to a drinkable condi-
xeriscaping and changes in watering tech- tion. Minor changes in land-use affecting a
nology could also significantly reduce resi- smal! number of livestock operators, and
dential water use. better education of the growing number of

¯ Use of reclaimed water can increase from back-country hkkers and campers could have

0.4 million acre-feet in 1992 to 2 million the desired effect.

acre-feet in 2020. The official state goal is

to increase the use of reclaimed water to A major effort is needed to improve our

1 million acre-feet. We estimate that this understanding of water supply and use.

could easily be doubled, if efforts were madeMajor gaps in water data make it difficult
to develop and implement rational water

to identify potential uses, and if economic plans.
and regulatory barriers to the use of such

a resource were reduced, o No one knows for sure how much ground-

water is used, who uses it, and for what.
¯ Industrial water-use efficiency could

This particular lack of data hampers efforts
increase 20 percent over today’s efficiency.
The limited industrial water-use surveys

to control groundwater overdraft and

done to date for California and elsewhere
impedes the development of rational

statewide water planning. While the uncon-
suggest considerable potential to improve

strained use of groundwater is in the strongthe efficiency of water use. In some sectors,
interests of some, it is antithetical to rationalimprovements of 50 percent or more are
water planning in a water-short region.poss~le. We conservatively estimate an

additional 20 percent can be achieved in * Residential, commercial, industrial, and

California industry using existing technolo- municipal data on water use are spotty,

gies. Further changes in the make-up of at best. There is need for a comprehensive

California’s industrial sector away from statewide water-use survey. Despite the

water-intensive industries will further importance of addressing questions about

reduce industrial water demand as a func- water demand, far less is known about the

fion of e.conomic output, characteristics of how California’s water
is used than about the characteristics ofCalifornia’s environment can be protected

far better than it is today by innovative supply.

and flexible water management. ¯ Data for on-farm water use are rarely

¯ By 2020, more than 2 million acre-feet of measured directly. Statewide data are need-

water can be reallocated from urban and ed on how much water is actually applied,

agricultural uses to a wide range of environ- evaporated from crops, returned to ground-

mental needs. Savings identified above in water, and s~ on, as a function of crop~

the agricultural and urban sectors can be irrigation method, climate, and soft type.

left in streams, rivers, and refuges for Improvements in information on agricultur-

California’s stressed natural ecosystems, al water use will improve the agricultural

We believe, however, that the absolute industry’s attempts to become more efficient

amount of water available for California’s and profitable.

environment is less important than better * The water requirements for restoring and

management of that water. In particular, maintaining different ecosystems are poorly

flem’ble management that takes into account understood, complicating rational joint man-

seasonal needs and variable quality require- agement of water among farmers, cities, and
¯ merits may prove effective at helping the the environment. The needed information
state restore vital and valuable aquatic includes requirements on_flows, timing, and

ecosystems, water quality.
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E. MAJOR Implementing these broadly would have a

RECOM1VIt~NDATIONS dramatic impact on urban water demand.

¯ New and better agricultural, residential,
Pricing policies that subsidize the ineffi- industrial, commercial, and institutional
cient use of water at taxpayer expense efficiency programs are required. These
should be eliminated.

programs can include regulatory, economic,
¯ Most federal and state water subsidies and educational components. A wide range

should gradually be reduced and then elimi- of sectors are not presently served by any
hated. In particular, the 1982 Reclamation programs that provide incentives, standards,
Reform Act acreage limitations should be or education on the potential for improving
enforced, repayment schedules for federal water-use efficiency. Efforts should be made
water projects should more accurately to reach these sectors.
reflect the costs of providing water to differ-¯ Water rates for all sectors should be
ent users, and double subsidies should be designed to encourage efficient use of water.
eliminated.

Environmental water needs should be
¯ Federal crop subsidies for growing low- better understood and met.

value, water-intensive crops should gradual-
ly be reduced and then eliminated. Of * Critical wetlands should be identified and

particular concern are crop subsidies for preserved together with the water needed to

water-intensive crops that receive federally maintain them. Degraded wetlands should

subsidized water as well. be restored.

¯ Urban and agricultural water rates should * Water flow and quality standards should be
set on a flexible seasonal basis and regularlyreflect the cost of service, including non-

market costs, reviewed.

The non-renewable use of groundwater in̄ Biological resources should be comprehen-

Califon~ia should be ended, sively monitored.

¯ The state should establish a comprehensive
¯ Long-term agreements to protect the Bay-

Delta region must be implemented. Interim
groundwater monitoring program and data-
base with open access,

agreements have been reached, but long-
term agreements are needed, as are efforts

¯ Institutional mechanisms for managing to implement current agreemefits.
groundwater use at the local level should be

¯ California’s Wild and Scenic rivers must
implemented in accordance with standards
set by the state. There has been consider-

continue to be protected at both state and

federal levels. Shortly aider the turn of the
able success in limited areas of California

century, official protections for these rivers
to establish local groundwater monitoring

will have to be renewed.and management. The experience in these
"adjudicated basins" offer some guidance for̄  Water should be allocated to protect and

setting up such systems statewide. While restore native anadromous fish runs. Many

local management seems both feasible and salmonid species are threatened or endan-

preferable, some consistent standards set by gered because of water policies that failed

the state would help prevent abuse of the tO take account of fish needs. Integrated

system, management should address these needs.

Efforts to promote the use of water-effi- ¯ Integrated management of agriculture and

cient technologies and practices should be seasonal wetlands should be pursued fur-
greatly expanded, ther. Some initial success has been achieved

with the rice industry. Other options should
Existing federal and state water efficiency
programs should be implemented and

be explored for joint management with

expanded. The 1992 National Energy Policy other agricultural sectors.

Act put in place residential and commercial
water-use efficiency standards for fixtures.
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Legislative, regulatory, mad administrativē A new independent planning organization
support should be given to those water can be created by streamlining existing
transfers that improve water efficiency, water planning groups. No new bureaucracy
enhance California’s natural environment,

is required -- rather the existing planningand promote the overall well being of rural
communities, groups from different organizations can be

combined into an independent administra-
¯ Standards for water transfers should be tire structure.

developed to ensure that they are fair and

do not harm the environment. The rapid
A statowide system of water data monitor-
ing and exchange should be created.

movement toward permitting water trans-
fers must not ignore possible adverse ¯ Water data must be much more widely

impacts on ecosystems. At the same time, collected and distributed. Major gaps in
methods of helping the environment data, and major gaps in the distn39ution of

through such transfers should be explored, those data, must be dosed.

¯ A fund should be established to mitigate ¯ An organization that collects, maintains,

adverse impacts of water transfers on rural and freely distributes state Water resources

economies, communities, and the environ- data should be created. Par better distribu-
ment. The fund should be supported with tion of water data should be possible, given

fees imposed on transfers. Rural communi- the rapid growth of electronic d~ta sharing

ties may be adversely affected by water capabilities.
transfers over which they have no direct Lifeline water allocations and rates should
say. These impacts should be evaluated andbe implemented for the residential sector.
ways of mitigating adverse economic and
social consequences should be developed

¯ A minimum water requirement should be
available at lifeline rates for all residents of

prior to permitting inter-regional transfers.
California.

~ greater use of reclaimed water is
possible in California and should be Land-use planning and water-use platming

encouraged through economic and must be better integrated.

regulatory incentives. ¯ All new urban developments must demon-

California water-planning institutions strate a secure, permanent Supply of water

should be reorganized to prepare for the before approval.
21st century. * Protection of prime agricultural land and

¯ California water planning can be more equi- the water required to support these lands

table and democratic by bringing in groups should be studied. Efforts to minimize the

that have been excluded from the process, adverse effects of urbanization on agricultur-

In particular, rural communities, small farm-al productivity could be combined with

ere, and inner city residents are not typical- efforts to protect certain water supplies for

ly included in water-pianning activities, agricultural communities.

¯ The state should consider separating
statewide water planning and data activities
from current water project operations.
Organizations responsible for building,
maintaining, and operating major water
projects may not be the proper water-
planning organizations of the future since
major new projects are increasingly consid-
ered inappropriate solutions. Separating
these planning and management functions
may be appropriate.
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Glossary

acre-foot consumed water
the volume of water required to cover one in this report, consumed water in agriculture is
acre to the depth of one foot; equals 1,233 the same as ETAW. (See depletion, ETAW).
cubic meters, 43,560 cubic feet, or 3.259 x 1@
gallons. CVPIA

Central Valley Project Improvement Act of
Agricultural Restructuring Scenario (ARS)1992 (Public Law 102-575).
the Agricultural Restructuring Scenario (ARS)
in this report explores the sensitivity of agricul-
tural water demand and revenue to changes indepletion
certain Galifornia cropping patterns, the water consumed in a certain area that is

no longer available for use by any other party.
anadromous fish As defined by the DWR, depletion includes the
fish that spend at least part of their life cycle ETAW, irrecoverable losses, and water that
in the ocean and then return to freshwater flows to salt sinks (such as the ocean).
streams to spawn; includes salmonoid species.

dual-dlstrlbution piping
applied water demand a water distnnoution system that uses one set of
the gross amount of water that is withdrawn pipes for the distnqgution of potable water and
from a water distribution system. Agricultural a separate set for distribution of reclaimed
applied water equals the amount of water water.
delivered to the farmgate. Urban applied water
is the amount delivered to the intake of a city’sDepartment of Water Resources (DWR)
water system. Applied water includes the the California state agency responsible for
water that returns to groundwater, a stream, long-term water planning, operation of the
canal, or other supply source that can be State Water Project, and state ~water conserva-
reused or recycled and thus is not the same astion programs.
net water demand. (See consumed water,
depletion, and net water demand.) ecosystem

a system of interacting physical and biological
aquifer units, including the flora, fauna, and geophysi-
an underground bed or layer of earth, gravel,cat environment.
or porous stone that stores water.

evapotranspiration
average water year the amount of water used by plants for neces-
the average annual hydrologic conditions, sary biological functions. Includes the water
Because precipitation, runoff, and other hydro-evaporated from plant surfaces and surround-
logic variables vary from year to year, plannersing area, retained in plant tissues, and tran-
project future scenarios based on hydrologic spired (given off).
conditions that typically include average, wet,
and drought years, evapotransplration of applied water

0~TAW)
Balanced Groundwater Scenario (BGS) the portion of the total evapotranspiration that
this scenario explores changes in cropping is provided by water applied through irrigation.
patterns such that long-term groundwater with-
drawals do not exceed long-term groundwaterfallowed land
recharge rates, farm land that could grow crops but that is left

unplanted.
Bay-Delta
the Sacramento-San Joaquin river delta extend-graywater
ing to the San Francisco Bay. The Bay-Delta ishousehold wastewater that can be collected for
the largest remaining estuarine system on thereuse in non-potable uses. Graywater systems
West Coast of the United States. exclude all toilet waste.
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groundwater basin that was a drought year. Water demand was
a reservoir of groundwater defined by the adjusted upward to reflect DWR’s estimates of
aquifers underlying a particular land area. what water demand would have been had it

been an average water year. The DWK’s 1990
groundwater overdraft agricultural water demand figure is_based on
the act of withdrawing more water from a the average irrigated acreage of the 1980s. The
groundwater basin than is recharged over anDWR’s 1990 urban water demand is based on
extended period of time. the average of per capita use from 1~80 to

1987.
hydrologic region, also hydrologic study
area (HSA) per-capita water use
a study area used by the DWR to analyze waterthe amount of water used by a person.
use and hydrologic conditions. The DWR Typically, averaged over some timc period and
divides California into 10 hydrologic study population.
areas based on watersheds (see watershed).

potable water
irrecoverable losses water suitable for drinking.
the water lost to a salt sink or lost by evapora-
tion or evapotranspiration from a conveyancesubsidence
facility, drainage canal, or in fringe areas, the lowering of the land surface in_response to

changes in the characteristics of the underly-
irrigated crop acreage ing earth. Subsidence can occur when the
the total amount of land area that is irrigated,groundwater level is lowered or when underly-
including acreage that is double cropped, ing materials are removed either by mining or

solution or oxidation of solids.
irrigation efficiency
the ratio of water used for evapotranspirationurban water use
and the total water applied through irrigation,includes residenti!l, industrial, commercial,
Efficiency can be calculated at the farm, dis- and municipal water use.
trier, or basin levels.

wastewater (municipal)
lifeline rates water previously used by residential, commer-
subsidized rates for a minimum amount of cial, industrial, and institutional users.
water.

water reclamation
mar the treatment or processing of wastewater to
million acre-feet, make it reusable.

water recycling
NEPAct normally involves the capture and reuse of
the National Energy Policy Act of 1992 wastewater by one user or use.
(Public Law 102-486, 102nd Congress).

water reuse

net water demand the use of reclaimed water for direct beneficial
as defined by the DWR, the amount of water purposes.
needed in a water service area to meet all
requirements. It includes the ETAW, irrecover-watershed ..
able losses, and outflow leaving a service area.the area of land from which all precipitation
It does not include the water reused in an area.and/or runoff drains into a single river. Also

called drainage basin or river basin.
normalized demand
as defined by the DWR, normalized demand isxeriscaping
the actual demand adjusted to account for the practice of using native vegetation and
water conditions that are not average. Thus, water-efficient irrigation practices to reduce
the 1990 water demand used by DWR (1994a)outdoor water use.
is not what was actually used in 1990, since
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